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PREFACE 

The  present  v'olume  of  Reports  contains  the  contributions  of 
workers  up  to  the  end  of  1910. 

It  is  proper  here  to  acknowledge  the  continued  assistance 
received  from  the  Carnegie  Trust  by  those  engaged  in  research  in 
the  Laboratory.  Not  onl)-  have  grants  been  freely  given  to 
workers,  but  in  1907,  the  Trust  voted  a  sum  of  ^600  for  improving 
the  scientific  equipment  of  the  Laboratory,  and  the  provision  thus 
made  has  in  many  wa\'s  contributed  to  the  efficienc}'  of  the  work 
done. 

In  190S,  the  Laboratory  Committee  set  apart  a  special  room 
for  the  investigation  of  neurological  problems,  and  the  present 
volume  gives  evidence  of  the  advantage  derived  from  the  facilities 
thus  offered. 
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ON  THE  ORIGIN  OF  THE  FACIAL  NERVE. 

By  ALEXANDER  BRUCE,  M.D.,  F.R.C.P.E.,  Physician  to  the  Royal 
Infirmaiy,  Edinburgh ;  and  J.  H.  HARVEY  PIRIE,  M.D.,  B.Sc, 
Clinical  Tutor  in  the  Royal  Infirmary,  Edinburgh,  Assistant  to 
the  Professor  of  Medical  Jurisprudence,  University  of  Edinburgh. 

The  origin  of  the  facial  nerve  has  been  the  subject  of  much 
investigation  and  of  many  controversies.  It  is  long  since  its 
alleged  connection  with  the  abdueens  nucleus  has  been  disproved 
by  Van  Gudden  and  Gowers  (1),  and  since  Lockhart  Clarke's  (2) 
view  as  to  the  inferior  facial  nucleus  has  been  set  aside  ;  but  a 
number  of  other  questions,  which  are  of  interest  and  importance 
from  both  the  anatomical  and  the  clinical  standpoint,  still  remain 
to  be  settled.  The  object  of  the  present  paper  is  to  endeavour 
to  answer  some  of  these,  such  as,  for  instance  ; — 

(1)  Whether  all  its  fibres  arise  from  the  well-known  main 

nucleus  in  the  pons  ? 

(2)  "Whether  any  of  them  have  a  crossed  origin  from  the 

corresponding  nucleus  of  the  opposite  side  ? 

(3)  Whether  there  is  a   separate  nucleus  for  the  muscles  of 

the    upper    face,    viz.,    the    orbicularis    palpebrarum 
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frontalis,  corrugator   supercilii,   and,   if   so,    where    is 
it  situated  ? 
(4)  Whether  there  is  a  separate  nucleus  for  the  muscles  of 
the  lips,  and,  if  so,  where  is  it  situated  ? 

The  third  and  fourth  questions  have  been  raised  by  physicians  in 
order  to  explain  certain  clinical  phenomena  which  appear  to  be 
incompatible  with  the  assumption  that  all  the  muscles  of  the 
face  could  be  inuervated  from  a  common  centre.  The  fact  that 
in  such  diseases  as  bulbar  paralysis  and  amyotrophic  lateral 
sclerosis  there  is  a  comparative  escape  of  the  muscles  of  the 
upper  face,  while  the  muscles  of  the  middle  and  of  the  lower 
face  are  profoundly  involved,  has  suggested  the  possible  exist- 
ence of  a  nucleus  for  the  nerves  of  supply  of  the  upper  face 
independent  of  the  main  nucleus  of  the  facial  nerve  in  the  pons. 
On  the  other  hand,  the  close  association  which  exists  between 
certain  movements  of  the  tongue  and  of  the  lips  has  led  to  the 
view  that  there  must  be  a  similarly  close  association  of  their 
nuclei  of  supply.  Charcot  (3)  and  Ross  (4),  following  Lockhart 
Clarke  (2),  held  that  the  muscles  of  the  lips  are  innervated  from 
an  inferior  facial  nucleus,  situated  partly  above  the  hypoglossal 
nucleus  and  partly  also  between  it  and  the  ependyma  of  the 
fourth  ventricle  ;  while  Cowers  (1)  maintains  that  the  centre 
for  the  lip  muscles  is  in  the  upper  extremity  of  the  hypoglossal 
nucleus  itself. 

A.  With  regard  to  the  nucleus  for  the  upper  facial  muscles, 
Mendel  (5),  after  section  of  the  upper  facial  nerve  in  young 
rabbits  and  guinea-pigs,  found  atrophy  of  the  cells  in  the  lower 
part  of  the  oculo-motor  nucleus  of  the  same  side,  and  traced  a 
connection  to  the  facial  nerve  through  the  posterior  longitudinal 
fasciculus.  Mendel's  belief  that  this  group  of  cells  constituted 
the  nucleus  for  the  upper  facial  nerve,  apparently  so  completely 
solved  the  dilliculty  of  the  clinician  that  there  has  been  a 
tendency  to  accept  its  existence  as  an  independent  nucleus 
without  furtlier  sufficient  proof.  The  remarkable  immunity  of 
the  upper  facial  muscles  in  bulbar  paralysis  and  in  amyotrophic 
sclerosis,  even  where  there  is  a  high  degree  of  paralysis  of  the 
lower  face,  has  from  the  first  been  difficult  to  explain,  and  it  has 
seemed  essential  to  premise  the  existence  of  a  nucleus  altogether 
independent  of  the  facial  nucleus  and  escaping  the  degeneration 
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in  which  the  latter  is  involved.  Mendel's  discovery  seemed  to 
supply  the  long-sought  explanation.  The  clinician  could  now 
understand  (or  think  he  understood)  why  the  nucleus  of  the 
facial  nerve  could  suffer  so  severely  and  yet  the  middle  and 
lower  face  alone  be  paralysed.  The  upper  face  escaped  because 
its  nucleus,  far  away  from  the  main  nucleus,  was  not  involved  in 
its  degeneration. 

There  is  reason  to  think,  however,  that  the  immunity  of  the 
upper  facial  muscles  is  not  always  so  complete  as  from  a  mere 
examination  of  the  position  and  movements  of  the  eyelids  it 
would  appear  to  be.  There  is  not  infrequently  a  degree  of 
paresis  of  the  orbicularis  with  a  greater  or  less  dilatation  of  the 
palpebral  aperture,  and  even  when  this  dilatation  is  not  apparent, 
there  may  be  a  considerable  degree  of  paresis  as  evidenced  by  the 
reaction  of  degeneration  in  the  muscles  of  the  upper  face.  We 
have  recently,  in  a  case  of  amyotrophic  lateral  sclerosis,  had 
occasion  to  demonstrate  a  reduction  to  a  nearly  equal  degree  of 
the  electrical  reactions  in  the  upper  and  lovper  face  muscles,  in 
which  there  did  not  seem  on  inspection  to  be  any  paresis  of  the 
upper  face  ;  and  we  would  draw  attention  in  this  connection  to 
the  condition  of  the  eyelids  and  their  electrical  reaction  noted  in 
the  remai-kable  case  of  diplegia  facialis  published  in  this  review 
by  Drs  Fowler  and  Rainy  (6),  and  which  will  be  again  referred 
to  in  another  relation.  They  note  that  their  patient,  a  child  of 
ten  months  old,  showed  nothing  particularly  wrong  with  its  eye- 
lids before  entering  hospital  ;  that  during  the  few  days  of  its 
stay  in  hospital  before  its  death  the  lids  could  not  be  voluntarily 
shut  very  tightly,  but  that  they  covered  the  eyeballs  fully  during 
sleep.  In  spite  of  this  the  electrical  responses  were  at  first  very 
feeble  and  subsequently  absent  altogether.  The  entire  escape 
of  the  upper  facial  muscles  is  thus,  in  our  opinion,  more  often 
apparent  than  real.  Indeed,  we  venture  to  doubt  if  in  any  case 
in  which  there  is  advanced  degeneration  of  the  muscles  of  the 
lower  face,  the  electrical  examination  of  the  muscles  of  the  upper 
face  will  fail  to  show  some  degree  of  reaction  of  degeneration. 
It  is  also  a  remarkable  fact  that  degenerations  of  the  oculo- 
motor nuclei  do  not  appear  to  be  associated  with  paresis  or 
paralysis  of  the  upper  face,  as  would  almost  certainly  be 
frequently  the  case  if  the  nucleus  for  the  latter  formed  part  of 
the  ocuio-motor  nucleus,  as  stated  by  Mendel. 
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Wilbiand  and  Saenger  (7),  iu  their  valuable  work  ou  the 
neurology  of  the  eye,  summarise  the  evidence  in  favour  of 
Mendel's  view.      It  is  not  very  convincing. 

(a)  Obersteiner  (8)  found  that  after  destruction  of  one  oculo- 
motor root  the  posterior  (or  inferior)  part  of  the  corresponding 
oculo-motor  nucleus  was  intact.  It  does  not,  however,  necessarily 
follow  that  the  part  of  the  nucleus  which  has  escaped  is  Mendel's 
centi'e  for  the  upper  face  muscles.  It  is  now  a  well-recognised 
fact  that  some  of  the  fibres  of  the  oculo-motor  root  have  a 
crossed  origin  from  the  lower  part  of  the  nucleus  of  the  other 
side.  Therefore  it  is  practically  certain  that  division  of  one 
oculo-motor  root  would  necessarily  leave  untouched  those  cells 
of  the  nucleus  which  are  the  centre  for  the  fibres  crossing  from 
the  undivided  nerve  of  the  other  side.  In  support  of  this  view 
we  have  the  discovery  by  Siemerling  and  Boedeker  (9)  that  a 
unilateral  paralysis  is  followed  by  a  degeneration  in  the  anterior 
part  of  the  nucleus  of  the  same  side,  and  by  a  bilateral  paralysis 
in  the  distal — that  is,  the  posterior  or  inferior  part  of  the 
nucleus. 

(h)  The  clinical  evidence  quoted  by  Wilbrand  and  Saenger  (7) 
is  as  follows  : — Hughlings  Jackson  described  three  cases  of 
ophthalmoplegia  externa  associated  with  involvement  of  the  or- 
bicularis palpebrarum.  Turner  observed  a  case  of  nuclear  oph- 
thalmoplegia, with  paresis  of  the  upper  facial  muscles.  Meyer 
has  described  an  analogous  case.  Woods  mentions  a  case  of 
ophthalmoplegia  externa  with  ptosis,  in  which  there  was  a 
weakness  of  both  orbiculares  palpebrarum.  Smith  found  in  a 
ca.se  of  total  ophthalmoplegia  a  participation  of  the  frontalis  and 
orbicularis  palpebrarum.  Fuchs,  in  a  case  of  bilateral  ptosis, 
found  also  weakness  of  the  frontalis  niu.scles.  Hanke  noted  in 
a  case  of  bilateral  ophthalmoplegia  externa,  which  was  either  of 
congenital  origin  or  dated  from  earliest  infancy,  that  at  a  later 
period  ptosis  and  paralysis  of  the  frontalis  appeared.  Birdsall  iu 
a  case  of  external  ophthalmoplegia  observed  a  diminution  of  the 
electrical  excitability  of  the  upper  division  of  the  facial  nerve. 

Such  evidence,  in  the  absence  of  control  by  post-mortem 
examination,  must  be  regarded  as  merely  suggestive.  It  is 
obvious  that  by  the  law  of  probability  such  associations  of  symp- 
toms may  occasionally  arise  without  their  being  dependent  on 
lesions  of  a   .single   centre.      There  is   nothing  in   the  clinical 
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history  of  those  cases  to  exclude  multiple  lesions  either  of  similar 
or  of  different  kinds  ;  that  is  to  say,  there  may  have  be.eii  more 
than  one  nuclear  lesion  or  more  than  one  peripheral  lesion,  or 
nuclear  and  peripheral  nerve  or  muscle  lesions  may  have  been 
associated  together. 

On  the  other  hand,  Wilbrand  and  Saenger  quote  a  case 
carefully  examined  by  Cassirer  and  Schiff  (10),  in  which,  with 
complete  degeneration  of  the  oculo-motor  nucleus,  even  in  its 
posterior  segment,  the  function  of  the  upper  facial  nerve  was  not 
in  any  ivay  interfered  with,  and  they  note,  without,  however, 
giving  cases,  that  Bernhardt  (11),  Sauvineau  (12),  and  Siemer- 
liug  (13),  have  stated  categorically  that  they  have  found  the 
upper  facial  nerve  intact  in  nuclear  ophthalmoplegia.  Siemerling 
and  Boedeker  (9),  after  a  series  of  exhaustive  microscopical 
examinations  of  cases  of  progressive  ophthalmoplegia,  have 
arrived  at  the  conclusion  that  there  is  no  evidence  whatever  that 
the  oculo-motor  nucleus  has  any  connection  with  the  muscles  supplied 
by  the  upper  facial. 

Wilbrand  and  Saenger,  while  admitting  that  the  question  of 
the  upper  facial  nucleus  is  not  yet  settled,  are  inclined,  on  the 
strength  of  their  own  observations,  to  agree  with  Cassirer  and 
Schiff,  Siemerling  and  Boedeker,  etc.,  in  their  oinnion. 

More  recently  the  question  has  been  attacked  from  another 
side — namely,  from  the  study  of  the  reaction  a  distance  (or  axonal 
reaction),  which  follows  in  the  cells  of  origin  of  a  nerve  when  its 
continuity  is  interrupted. ^^ 

Marinesco  (15)  in  1898  divided  the  branch  to  the  frontalis, 
orbicularis,  and  corrugator  supercilii,  and  found  a  degeneration  in 
the  inferior  part  of  the  facial  nucleus,  and  in  the  posterior  part 
of  its  median  nucleus.  Section  of  the  inferior  facial  produced 
degeneration  in  the  external  group  of  the  facial  nucleus.  Com- 
plete division  of  the  facial  nerve  caused  axonal  reaction  in  all 
the  cells  of  the  facial  nucleus."' 

'  This  method  is  calculated  to  give  reliable  data  when  the  subsequent  examination 
of  the  nerve  centres  is  made  at  a  sufficiently  short  interval  after  the  initial  section 
or  destruction  of  the  nerve.  It  is  not  of  value,  however,  when  an  interval  of  many 
months,  and  still  less  of  many  years,  has  elapsed  ;  therefore,  such  cases  as 
Gianelli's  (14),  where  the  frontal  branch  of  the  facial  nerve  was  divided  fifty  years 
before  death,  must  be  set  aside. 

^  Marinesco  has  shown  that  the  common  facial  nucleus  varies  in  its  outlines  at 
different  levels  of  its  course,  ami  slightly  also  according  to  the  anini.al  used.     In  the 
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Kotelowski  (16),  after  experimental  section  of  the  upper 
branch  of  the  facial,  found  degeneration  in  the  dorso-lateral 
portion  of  the  facial  nucleus.  This  in  all  probability  corresponds 
to  the  dorsal  portion  of  the  middle  group  of  Marinesco,  as  the 
dorsal  nucleus  seems  rather  to  lie  behind  the  outer  than  the 
middle  group  (see  Van  Gehuchten's  Fig.  487). 

Parhon  and  Nadejde  (17)  examined  a  case  of  cancer  involv- 
ing the  superior  facial,  and  found  that  what  they  term  the  first 
dorsal  group '  showed  cells  which  were  greatly  atrophied.  (The 
second  and  even  the  third  dorsal  group  aUo  showed  less  marked 
changes,  which  tliey  regarded  as  due,  in  some  measure  at  least, 
to  lesions  of  nervous  filaments  which  do  not  form  part  of  the 
superior  facial.  They  describe  as  lielonging  to  the  facial  nucleus 
a  group,  also  described  by  Wyrubow  (18),  situated  between  the 
common  nucleus  of  this  nerve  and  the  nucleus  of  the  sixth 
pair.  They  regard  this  group  as  the  centre  of  the  occipital 
muscle.) 

Parhon  and  Minea  (19)  found  that  the  nucleus  of  the 
upper  facial  nerve  is  represented  by  the  first  dorsal  group  of 
the  nucleus  of  the  seventh  pair.  They  state  categorically  that 
the  oculo-motor  nuclei,  including  that  portion  which  is  situated 
in  the  depression  of  the  posterior  longitudinal  fasciculus,  do  not 
send  fibres  into  the  trunk  of  the  facial  nerve. 

All  these  observers,  therefore,  are  unanimous  that  the  origin 
of  the  upper  facial  is  situated  within  the  facial  nucleus  in  the 
pons,  and  apparently  in  its  dorsal  part. 

With  regard  to  the  origin  of  the  nerve  to  the  orbicularis 
oris,  it  is  now  universally  admitted  that  the  inferior  facial 
nucleus  of  Lockhart  Clarke  (2)  has  no  connection  with  the  facial 
nerve;  but  the  view  of  Gowers  (1)  as  to  the  upper  part  of  the 
hypoglossal  nucleus  constituting  such  a  centre  has  met  with 
wide  acceptance.  He  has  brought  forward  strong  arguments  in 
its  support.     He  says  :  "  Tlie  orbicularis  oris  and  the  transverse 

middle  of  its  length  three  cell  grou|i8— internal,  middle,  .ind  external— can  be 
distinguished.  The  middle  group  i.s  again  sub-divided  into  an  anterior  and 
posterior  segment.  At  the  upper  mid  lower  extreniitics  of  the  nucleus  the  groups 
become  reduced  to  one.  (l''or  illustration,  see  Kei:  Neurol.,  1898,  p.  30  ;  also  Van 
Gebuchten,  Anul.  du  Si/sUme  Nerveux,  4mc  ed.,  pp.  .ISO  to  T)!*!  :  and  Quain's 
"Anatomy,"  11th  cd.,  Vol.  iii.,  I'art  i.,  p.  1.V2.) 

'  The  roforonco  in  the  /{ev.  Neurol,  does  not  give  figures,  so  that  it  is  not  quite 
clear  what  the  authors  mean  hy  the  firat,  second,  and  third  dorsal  groups. 
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muscles  of  the  front  of  the  tougue  have  a  fuiictioiial  relation 
closer,  perhaps,  than  any  other  two  muscles  in  the  body  equally 
distinct.  Neither  can  be  put  in  action  without  the  other.  The 
orbicularis  is  always  involved  in  degenerative  disease  of  the 
liypoglossal  nucleus,  and  escapes  in  disease  of  the  chief  nucleus 
of  the  facial,  as  in  a  case  of  acute  atrophic  paralysis  in  which 
the  face  was  involved."  ..."  Considerable  degeneration  has 
been  found  in  the  fibres  of  the  '  loop '  of  the  facial  nerve,  even 
when  the  cells  of  the  chief  facial  nucleus  were  but  little  affected 
— a  mysterious  fact.  The  posterior  longitudinal  fibres  may  be 
normal  or  partly  degenerated  (in  propoi'tion,  it  is  said,  to  the 
affection  of  the  hypoglossal  nucleus) ;  especially  the  longitudinal 
fibres  suffer  in  the  inner  part  of  the  reticular  formation  which 
are  supposed  to  continue  the  anterior  ground  fibres  of  the  cord. 
The  degeneration  is  always  bilateral." 

Illustrations  of  the  possible  path  from  the  hypothetical 
centre  in  the  hypoglossal  nucleus  have  been  given  by  one  of  us 
(A.  B.)  (20),  by  Ferrier  (21),  and  by  Purves  Stewart  (22),  who, 
in  his  valuable  work  on  the  "  Diagnosis  of  Nervous  Disease " 
states  that  the  facial  nerve  arises  from  a  nucleus  in  the  lower 
part  of  the  pons,  but  derives  some  of  its  fibres,  namely,  those 
for  the  orbicularis  oculi,  from  the  nucleus  of  the  3rd  nerve,  and 
others,  namely,  those  for  the  orbicularis  oris,  from  the  hypo- 
glossal nucleus.!  On  the  other  hand,  however,  Oppenheim  (23), 
while  figuring  the  connection  from  the  12th  nucleus  to  the 
8  th  nerve,  regards  it  as  being  very  improbable. 

If  it  is  the  case  that  the  nerve  to  the  lower  face  arises  from 
the  hypoglossal  nucleus,  it  must,  as  Gowers  states,  undergo 
degeneration  in  disease  of  the  hypoglossal  nucleus.  A  complete 
destruction  of  one  hypoglossal  nucleus  .should  cause  paralysis  of 
the  lips  as  well  as  the  half  of  the  tongue  on  the  same  side. 
The  converse  must  also  follow,  that  a  section  or  destruction  of 
the  nerve  of  such  a  character  as  to  produce  reaction  a  distance 
in  the  main  facial  nucleus  of  the  pons  must  also  produce 
reaction  d,  distance  in  that  portion  of  the  hypoglossal  nucleus 
in  which  the  lip  muscle  fibres  take  their  origin.      A  case,  there- 

'  Dr  Purves  Stewart,  in  the  second  edition  of  his  hook,  which  has  just  appeared, 
has  modified  this  statement,  saying  that  tlie  cells  for  the  orbicularis  oculi  extend  as 
high  as  the  nucleus  of  the  third  nerve,  and  those  for  the  orbicularis  oris  as  low  as 
the  hypoglossal  nuoleus. 


10      ALEXANDER  BKUCE  and  .1.   H.  HARVEY  PIRIE 

fore,  of  complete  facial  paralysis  in  which  there  was  total 
reaction  of  degeneration  in  all  the  muscles  of  the  face  would  be, 
if  examined  sufficiently  early,  adapted  to  prove  or  disprove  the 
alleged  association.  If  it  be  found  that  the  facial  nucleus  is 
alone  involved,  and  the  hypoglossal  nucleus  quite  intact,  that 
would  be  indisputable  proof  that  the  hypoglossal  nucleus  has  no 
connection  with  the  facial  nerve.  On  the  other  hand,  if  the 
facial  nucleus  were  degenerated,  but  a  portion  of  the  hypoglossal 
nucleus  were  also  similarly  affected  (the  hypoglossal  nerve  being, 
of  course,  in  a  normal  condition),  then  the  presumption  would  be 
very  strong,  or  the  proof  even  absolute,  tliat  tlie  lip-facial 
muscles  arose  from  the  hypoglossal  nucleus. 

Similar  reasoning  would  serve  to  prove  or  disprove  the 
origin  of  the  upper  facial  nerve  from  the  oculo-motor  nucleus. 

The  opportunities  for  clinical  observation  of  such  cases  and  their 
confirmation  by  autopsy  are  exceedingly  rare,  and  therefore  the 
question  has  remained  for  a  long  time  in  doubt ;  but  we  are  in  a 
position  to  describe  a  case  which  has  been  under  the  charge  of 
one  of  us  (A.  B.)  during  life,  and  in  which  the  medulla  and  pons 
have  been  examined  microscopically  by  both  of  us  after  death,  and 
which  appears  to  us  to  justify  the  conclusion  that  the  facial  nerve 
has  no  origin  in  either  the  oculo-motor  or  the  hypoglossal  nucleus. 

Clinical  Case. — A.  M.,  65,  harbour-master;  recommended  by 
Dr  Dickson  of  South  Queens  ferry ;  admitted  to  the  Royal 
Infirmary,  Edinburgh,  in  February  1908. 

Abstract  of  Notes  of  History  and  Examination,  as  made  by 
Drs  Hugh  More  and  W.  Kelman  Macdonald : — Sudden  onset  on 
1st  December  1907,  with  pains  all  over  his  body.  Fourteen 
days  later  development  of  giddiness,  which  gradually  increased, 
producing  great  uncertainty  in  walking,  with  fear  of  falling  and 
tendency  to  sway  towards  the  right  side,  without,  however,  any 
actual  fall.  Simultaneously  there  developed  deafness,  with  buzzing 
noises  in  the  left  oar,  tlip  deafness  in  a  short  time  becoming 
absolute.  Also  left  facial  paralysis.  No  lieadache.  No  other 
sensory  or  motor  disturbances. 

Previous  liistory  was  satisfactory,  except  that  his  left  eye  was 
removed  thirty  years  before  for  "  .some  inflammatory  trouble." 
Otherwise  there  was  no  personal  or  hereditary  taint. 

Examination  of  the  face  sliowed  a  complete  left  facial 
paralysis,  the  left  forehead  being  smontli   and  immobile,  the  left 
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eyebrow  lower  tliaii  the  right,  and  tlie  aperture  of  the  mouth 
having  the  characteristic  obliquity.  The  mouth  was  somewhat 
drawn  to  the  right  side.  The  palpebral  aperture,  owing  to  the 
absence  of  the  eye,  was  onh'  slightly  open.  None  of  the  muscles 
of  the  face  were  capable  of  any  voluntary  or  refle.x  movement. 
There  was  no  response  to  faradic  stimulation.  On  galvanic 
stimulation  of  the  muscles  a  slow  and  feeble  contraction  was 
obtained,  but  the  cathodal  closing  contractions  remained  slightly 
stronger  than  the  anodal  closing  contractions.  The  tongue  was 
protruded  without  lateral  deviation.  The  sense  of  taste  was 
equally  well  conserved  on  both  sides  of  the  tongue.  The 
examination  of  the  ear  by  Dr  Logan  Turner  showed  no  evidence 
of  any  middle-ear  catarrh,  past  or  present. 

Closer  examination  of  the  nervous  system  showed  nothing 
abnormal,  with  the  exception  of  some  defect  of  sight  in  the 
right  eye,  associated  with  an  increased  depth  of  the  anterior 
chamber,  tremulousness  of  the  iris  and  hippus.  There  was  no 
optic  neuritis.  The  movements  of  the  right  eye  were  unimpaired. 
The  stump  of  the  excised  eye-ball  was  capable  of  a  little  move- 
ment which  was  communicated  to  the  eye-lids. 

The  superficial  and  deep  reflexes  were  normal,  the  plantar 
reflex  being  of  the  flexor  type  on  both  sides. 

Further  examination  revealed  evidence  of  chronic  tuberculosis 
in  the  upper  part  of  both  lungs,  some  dilatation  of  the  heart, 
especially  in  its  left  ventricle,  with  a  stenosis  of  the  mitral 
orifice.  The  heart's  action  was  somewhat  irregular,  the  pulse 
tension  low,  the  arteries  tortuous  and  their  walls  thickened  and 
beady.  The  urine  showed  a  specific  gravity  of  1014,  but  it  was 
otherwise  normal.  There  was  some  evidence  of  rheumatoid 
arthritis  in  the  hands,  feet,  and  hip.  There  was  also  a  reducible 
left  femoral  hernia  and  some  tendency  to  varicose  eczema  in  his 
lower  limbs. 

Diagnosis  was  made  of  neuritis  of  the  facial  and  auditory 
nerve  in  the  internal  auditory  meatus.  The  absence  of  evidence 
of  middle-ear  catarrh  and  the  retention  of  the  sense  of  taste 
and  the  association  of  deafness,  giddiness,  and  facial  paralysis 
indicated  that  the  lesion  was  probably  situated  between  the  side 
of  the  pons  and  the  bottom  of  the  internal  auditory  meatus. 
The  completeness  of  the  facial  paralysis  was  evidence  of  a  total 
involvement  of  the  facial  nerve. 
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Subsequent  Progress. — The  patient,  who  was  treated  with 
rest  and  iodide  of  potassium,  regained  strength  to  a  considerable 
extent,  but  did  not  recover  from  his  giddiness,  and  died  suddenly 
from  heart  failure  on  2nd  May  1908. 

Autopsy. — The  autopsy  revealed  general  fibrous  adhesions 
of  pleura,  chronic  interstitial  pneumonia  in  the  upper  halves  of 
both  lobes,  the  remainder  of  the  lung  showing  chronic  venous 
congestion  with  oedema.  The  heart  was  soft  and  flabby,  with 
fatty  infiltration,  especially  on  its  right  side,  dilatation  of  all  its 
chambers  without  hypertrophy  of  the  walls  e.xcept  to  a  slight 
degree  in  the  left  auricle.  The  mitral  valve  was  dilated,  with 
some  thickening  of  its  cusps.  The  tricuspid  valve  was  also 
dilated.  There  was  diffuse  epicardial  thickening,  with  localised 
"  milk-spots "  towards  the  apex  of  the  left  ventricle  anteriorly 
and  posteriorly  over  the  lines  of  the  vessels.  There  was  exten- 
sive fatty  infiltration  of  the  wall  of  the  greatly  dilated  right 
ventricle.  Both  coronary  arteries  were  thickened  and  showed 
atheromatous  patches.  The  aortic  cusps  were  dilated,  with 
thickening  along  their  attachments  and  towards  the  corpora 
Arantii.  The  left  ventricular  wall  was  thin,  friable,  soft  and 
fatty,  the  papillary  muscles  being  fibrous  towards  their  tips. 
The  liver  and  kidneys  showed  a  marked  degree  of  chronic 
venous  congestion,  the  kidneys  also  showing  atrophy  of  the 
cortex,  increase  of  pelvic  fat,  and  some  chronic  interstitial 
nephritis. 

The  left  optic  nerve  was  atrophied,  and  the  left  3rd,  4th,  and 
6th  cranial  nerves  were  somewhat  thinned.  There  was  some 
slight  milky  thickening  of  the  ai'achnoid  over  the  inferior  sur- 
face of  the  cerebellum  and  between  the  lobes  ;  also  to  a  slight 
extent  over  the  circle  of  Willis,  and  extending  \\  inches  in 
front  of  the  optic  chiasma  to  near  the  tips  of  both  temporal 
lobes. 

The  brain  was  carefully  hardened  in  formalin.  The  pons 
and  medulla  were  embedded  in  paraffin,  and  serial  sections  were 
cut  of  the  whole  length  of  the  facial,  oculo-motor,  and  hypoglossal 
nuclei.  These  were  stained  throughout  with  Unna's  polychrome 
blue  and  by  Van  Gieson's  method. 

Within  the  pons  the  facial  nucleus  of  the  .sa»ie  suie  was  com- 
pletely affected ;  not  a  single  cell  was  found  to  be  normal.  The 
nucleus  itself  showed  a  considerable  diminution  in  the  number 
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of  its  cells.  Those  that  remained  had  all  reached  the  stage  of 
atrophy,  still  showing  a  well-marked  axonal  reaction,  with 
eccentric  nuclei,  chromatolysis,  and  more  or  less  convex  outline. 
Many  of  them  also  contained  large  masses  of  yellowish  pigment 
granules.^ 

On  the  other  hand,  there  wa-t>  no  degeneration  whatever  in  the 
facial  nucleus  of  the  opposite  side.  Its  cells  were  vntJiout  exception 
healthy.  Many  of  them  contained  some  yelloiu  pigment,  bid  apart 
from  that,  the  NissVs  granules  and  the  position  and  character  of 
the  niiclei  were  quite  normal.  It  is  hardly  possible  to  conceive  a 
more  positive  demonstration  tluit  none  of  the  fibres  of  the  facial 
7ierve  arise  from  the  nucleus  of  the  opposite  side.  Had  it  been 
otherwise  we  should  have  found  normal  cells  in  the  de- 
generated nucleus,  as  well  as  degenerated  cells  in  the  opposite 
nucleus. 

A  similar  examination  of  the  hypoglossal  miclei  demonstrated 
that  their  component  cells  loere  throughout  quite  intact.  Here  and 
there  a  cell  showed  some  slight  degree  of  pigmentation,  but  that 
was  perfectly  explainable  by  the  age  of  the  individual.  Apart 
from  that,  the  cells  were  well  formed,  their  Nissl's  granules 
everywhere  presented  their  normal  characters,  and  the  nucleus 
occupied  its  normal  position. 

On  examining  the  oculo-motor  nuclei,  no  distinction  could  be 
made  out  between  the  two  sides.  Notwithstanding  the  removal  of 
the  eye-ball,  and  the  resulting  comparative  inaction  of  the 
muscles,  there  %uas  no  indication  of  any  change  in  the  character 
of  the  cells  on  the  affected  side.  Their  nuclei  were  invariably 
central,  their  form  normal,  and  their  Nissl's  granules  staiued  with 
great  distinctness.  The  nuclei  on  both  sides  were  searched  from 
end  to  end,  and  in  no  part  was  there  any  evidence  of  degenera- 
tion. The  sections  were  submitted  to  several  other  workers  in 
the  Neurological  Laboratory,  and  they  likewise  failed  to  find  any 
difference  between  the  two  sides. 

We  might  again  refer  to  Drs  Fowler  and  Eainy's  (6) 
case  of  cerebral  diplegia,  in  which  they  found,  in  what  was 
practically    a    complete     bilateral    facial     paralysis,    that    there 

'  Almost  midway  between  the  main  nucleus  and  the  abdiicens  nucleus  a  snisU 
group  of  motoi-  cells,  described  by  Wyrubow  (18),  was  fouud  to  be  atrophied  on 
the  afTeotcd  side  and  normal  on  the  other.  They  thus  evidently  belong  to  the 
facial  nerve. 
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was  no  abnormal  change  in  either  the  oculo-motor  or  the  hypo- 
glossal nucleus,  and  no  degeneration  in  the  posterior  longitudinal 
fasciculus. 

Conclusions  : — 

1.  That  the  upper  facial  nerve  does  not  arise  from  the  oculo- 
motor nucleus. 

2.  That  the  lip-facial  fibres  do  not  arise  from  the  hypo- 
glossal nucleus. 

3.  That  there  is  no  crossed  origin  of  the  facial  nerve  from 
the  main  nucleus. 

4.  That  no  crossed  origin  for  any  of  the  fibres  has  yet  been 
discovered. 

5.  That  all  the  fibres  of  the  facial  nerve  arise  from  the 
groups  of  cells  in  the  pons  which  lie  behind  the  superior  olive, 
and  are  known  generally  as  its  main  nucleus — these  groups 
being  regarded  as  including  the  small  accessory  group  situated  a 
little  behind  it  (Wyrubow),  i.e.  nearer  to  the  abducens  nucleus. 

6.  That  the  upper  facial  nerve  probably  arises  from  the 
dorsal  part  of  the  nucleus. 

7.  That  further  localisation  of  function  of  the  nucleus  has 
not  yet  been  clearly  established. 
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From  tlir  Lahorator]!  of  the  llotjal  Collc[fC  of  Physicians,  Edinhuryh. 
(I'LATE    XXI.) 

I.  PRELIMINARY. 

The  material  on  which  this  research  was  carried  out  consisted  of  a  series  of  fietal 
sheep  obtained  from  the  Edinburgh  abattoirs.  The  larger  foetuses  were  fixed 
in  15  per  cent,  formalin,  a  few  of  the  smaller  in  formol-alcohol. 

The  series  comprises  foetuses  of  the  following  lengths  in  centimetres : — 
0-6,  0-8,  1,  1-5,  2,  2-3,  2-8,  3,  3-5,  4,  5,  5-5,  6,  6-5,  7,  7-5,  9,  9-5,  10,  11,  12, 
17,  22,  28,  30,  34'5,  35,  45,  46'5.  In  addition  to  these  the  marrow,  liver,  and 
spleen  of  lambs  up  to  a  few  days  old  were  examined.  The  measurements 
were  made  from  end  to  end  of  the  small  lambs,  from  the  frontal  eminences 
to  the  root  of  the  tail  in  the  larger,  i.e.  in  the  longest  axis  in  every  case.  The 
specimens  were  embedded  in  paraffin.  Complete  serial  sections  of  the  whole 
fietus  were  made  in  the  case  of  those  not  exceeding  3  cms.  In  specimens 
measuring  from  3'5  to  7  cms.  serial  cross  sections  were  cut  in  the  regions  of 
the  thymus  and  spleen.  In  the  case  of  all  the  larger  foetuses  portions  of  liver, 
spleen,  thymus,  and  bone  marrow  (or  shaft  of  the  femur)  were  cut  separately. 
Films  of  these  structures  were  also  examined.  In  the  case  of  the  smaller 
foetuses  the  marrow  films  were  made  by  squeezing  the  shaft  of  the  femur  with 
forceps  and  smearing  the  exudation  over  a  cover-slip. 

The  stains  employed  were  methyleneblue  and  eosin,  and  luumatein  and 
eosin  in  the  case  of  the  sections.  Jenner's  and  Leishmau's  stains  were  also 
employed  in  ]3reparing  the  films. 

In  the  following  descriptions,  under  the  different  sizes,  the  specimens  are 
to  be  taken  as  representing  a  group  rather  than  as  individuals.  The  descrip- 
tion of  intermediate  stages  has  been  omitted  where  the  changes  were  slight  or 
unimportant. 

II.  DESCRIPTIVE. 

FcETUs,  0'6  CM. — At  this  stage  the  mcsoblastic  somites  are  formed  ;  tlie 
primitive  heart  and  kidneys  are  the  only  defined  organs.  Liver  being 
dill'erentiated. 

In  the  heart,  among  the  liver  cells,  between  the  kidney  tubes  and  in  the 
connective  tissue  throughout  the  body,  are  large  numbers  of  megaloblasts,  red 
cells  showing  considerable  uniformity  as  regards  size,  maximum  diameter  about 
7  fx.,  with  strongly  basophil  nucleus  showing  a  chromatin  reticulum  and  a 
number  of  closely  set  chromatin  masses.     The  protoplasm  contains  hismoglobin, 

'  Received  July  1,  1007.  A  jjiiint  towaiils  tlie  oxiieiisos  of  tliis  research  was  rccoiveil 
from  the  Cariie<'ie  Tiust. 
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evidently  in  pretty  full  complement,  as  only  a  very  slight  degree  of  polj'chroma- 
tophilia  is  present.  Large  numbers  of  these  cells  are  in  the  various  stages  of 
mitosis.     No  leucocytes  of  any  kind  were  seen. 

FcETUs,  1  CM. — Primitive  kidney  and  liver  formed,  the  other  abdominal 
viscera  represented  by  a  few  epithelial  tubes  in  undifl'erentiated  mesenchyme. 
The  trachea  alone  represents  the  respiratory  organs.  Thymus  not  present 
in  most  of  the  specimens,  but  in  one  foetus  a  slight  downgrowth  from  the 
fourth  visceral  cleft  may  have  been  an  early  indication  of  its  formation. 

The  blood  cells  present  are  megaloblasts  distributed  throughout  the  con- 
nective tissues,  specially  numerous  as  would  be  expected  in  the  auricles,  the 
primitive  aorta  and  its  arches,  and  the  umbilical  vessels  ;  but  in  addition  they 
occur  in  great  numbers  between  the  irregular  strands  of  liver  cells,  between  the 
primitive  kidney  tubules,  and  in  the  perinephritio  connective  tissue.  With  one 
exception  no  cells  of  the  leucocyte  series  could  be  distinguished  in  any  of 
the  sections.  The  leucocj'te  seen  had  a  pale  round  nucleus  and  basophile 
protoplasm. 

FtETUS,  2  CMS. — The  thymus  has  now  appeared  in  the  form  of  short 
epithelial  buds  lying  in  the  primitive  connective  tissue  immediately  above  the 
pericardium. 

The  majority  of  the  blood  cells  in  the  heart  and  vessels  are  megaloblasts 
similar  to  those  just  described,  but  they  show  considerable  individual  differences. 
The  amount  of  haemoglobin  varies  considerably,  so  that  polychromatophilia  is 
marked.  In  many  instances  the  nucleus  appears  to  be  undergoing  degenera- 
tion and  absorption.  A  small  proportion  of  red  corpuscles  (megalocytes) 
without  nuclei  are  now  found.  In  addition  to  these,  two  other  varieties  of 
blood  cells  are  found  in  the  circulating  blood  in  very  small  numbers.  These 
will  presently  be  described.  Blood  cell  proliferation  (megaloblastic)  is  still 
found  in  the  connective  tissues,  especially  in  the  region  immediately  anterior 
to  the  proto-vertebrae,  but  is  not  now  nearly  so  active,  and  has  greatly  diminished 
in  the  region  of  the  kidney. 

The  liver  has  now  come  strikingly  into  evidence  as  a  hnemopoietic  organ. 
Among  the  reticular  strands  of  liver  cells  are  numerous  strongly  basophile  cells 
without  hcemoglobin.  These  are — (1)  Small  cells  with  very  darkly  stained 
nuclei,  which  are  characterised  by  a  radial  arrangement  of  thick  chromatin 
strands  with  chromatin  thickenings.  The  protoplasm  consists  of  a  narrow 
ring  of  much  more  faintly  stained  homogeneous  basophil  imitoplasra. 
(2)  There  are  also  cells  with  precisely  similar  characters,  but  nearly  twice  as 
large.  The  chromatin  strands  are  more  widely  separated,  so  that  the  nucleus 
appears  much  paler.  The  protoplasm  is  similar  to  that  of  the  tirst  variety,  but 
is  relatively  and  absolutely  greater  in  amount.  Transitions  between  the  two 
varieties  are  present,  and  indicate  that  the  second  variety  is  derived  from  the 
first, — that  they  are  older  individuals  of  the  same  kind  of  cell.  There  are 
indeed  areas  of  these  cells  where  the  smaller  variety  occupies  a  central  position 
with  a  peripheral  ring  of  the  larger  variety,  but  this  arrangement  never 
approaches  anything  like  the  definite  appearance  of  a  lymphoiil  germ  centre. 
As  regards  relative  numbers,  tlie  larger  variety  i)rei)onderate  sliglitly.  Both 
varieties  show  mitose.s,  but  these  occur  in  a  greater  pro]>ortion  of  the  small 
cells.  These  cells  seem  to  corresjiond  with  the  .s/mc/r  lia''i)}ihile  aclinialhibiije 
Ideine  Haiiia/in/oiiie  (erythroblastic)  and  the  (iUire  hleiuc  Hamafoijonic  niif 
hreitem  Rami  of  Papponheim  (1907).  Among  the  liver  cells  an  occasional 
coll  of  the  leucocyte  type  was  noticed,  but  at  this  stage  they  are  nut  to  be 
found  with  certainty  even  after  prolonged  .search.  Those  seen  resembled  the 
larger  erythroblasts  as  regards  si/e,  and  had  pale  vesicular  nuclei  witli  a  very 
thin  .sianty  reticulum  and  two  or  three  very  small,  round,  chromatin  points. 
Their  priito]ilasm  was  deeply  basophilic. 
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FcETUS,  2"8  CMS. — In  the  vessels  a  much  greater  number  of  cells  without 
nuclei  (megalocytes).     In  liver  a  great  increase  in  the  number  of  erythroblasts. 

FcETUS,  3  CMS. — In  the  auricles  the  majority  of  the  cells  are  megaloblasts. 
These  show  marked  polychromatophilia,  and  in  many  the  nucleus  is  disappear- 
ing. Jlegalocytes  greatly  increased  in  number.  A  larger  proportion  of  the 
basophil  erythroblasts  present.  A  few  cells  of  similar  type  appear  to  be 
acquiring  haemoglobin.     A  few  leucocytes,  singly,  at  wide  intervals. 

Liver. — In  the  liver  very  numerous  erythroblasts,  both  large  and  small. 
The  former  preponderate,  ilitoses  numerous.  Here  and  there  throughout 
the  liver  are  leucocytes,  singly  or  in  small  groups  never  exceeding  four  or  five 
in  number.  They  are  considerably  larger  than  the  erythroblasts ;  nuclei 
rounded,  comparatively  pale,  with  a  line  chromatin  reticulum  and  a  few 
rounded  chromatin  masses.  Protoplasm  relatively  more  abundant  than  that 
of  the  larger  erythroblasts ;  slightly  more  basophil  and  more  easily  indented 
and  distorted.  A  few  giant  cells  (myeloplaxes  or  megakaryocytes)  among  the 
liver  cells. 

Thi/mus. — The  thymus  now  consists  of  two  ])ortions,  one  just  above  the 
pericardium  and  another  higher  up  in  the  neck.  These  structures  are  entirely 
composed  of  epithelium  forming  a  solid  mass  with  irregular,  short  projections. 
The  surrounding  connective  tissue  contains  numerous  blood  vessels  whose 
contents  are  similar  to  those  of  the  auricle.  Among  the  connective  tissue  cells 
a  fair  number  of  megalocytes,  ei-ythroblasts,  and  leucocytes,  similar  to  those 
found  in  the  liver.  In  one  or  two  instances,  however,  the  leucocytes  had  an 
indented  or  bilobed  nucleus. 

FcETUs,  i  CMS. — Thiimuf. — At  4  cms.  the  epithelial  [u-ocesses  are  more 
branched,  and  show  intersections  by  young  fibrous  tissue.  This  fibrous  tissue 
contains  numerous  vessels.  Among  its  branching  cells  and  processes  are  now 
fairly  numerous  large  primitive  leucocytes.  These  seem  to  be  more  numerous 
than  in  any  other  situation  except  the  liver.  A  few  of  them  are  invading  the 
epithelium,  and  many  show  mitosis.  Cells  resembling  the  smaller  erythroblasts 
are  also  present  in  the  tissue  round  the  thymus.  The  question  of  their 
identity  with  these  cells  will  be  subsequently  discussed. 

FcETUs,  5  C.MS. — The  overwhelming  majority  of  cells  in  the  ves.sels  are 
non-nucleated  hajmoglobin-carrying  megalocytes.  Hiemoglobin-containing 
megaloblasts  also  present  ;  many  of  them  show  mitotic  figures. 

Liver. — The  common  cell  between  the  strands  of  liver  substance  is  still 
the  erythroblast.  There  are  a  few  leucocytes,  but  the  number  of  giant  cells 
has  strikingly  increased,  and  transitions  between  the  primitive  leucocyte  and 
typical  "myeloplax  "  are  common.  The  latter  now  attains  very  large  size — 
a  common  diameter  being  30 /i.  The  nucleus  may  a[)pear  as  five  or  six  separate 
masses,  but  connections  are  always  to  be  made  out  between  these.  The 
nuclear  envelope  is  thick.  The  chromatin  reticulum  is  scanty.  The  little 
rounded  chromatin  masses  are  conspicuous.  The  protoplasm  of  the  smaller 
giant  cells  is  practically  homogeneous.  As  the  cell  enlarges  a  fine  reticulum 
can  be  distinguished,  and  as  the  cell  further  enlarges  the  protoplasm  becomes 
more  and  more  granular  in  appearance  and  more  and  more  acidophil  in 
reaction.  \  giant  cell  is  occasionally  seen  in  mitosis.  A  few  of  them  are 
lihagooytic.  One  or  more  megalocytes  are  occasionally  to  be  seen  in  a  vacuole 
in  the  giant  cell  protoplasm. 

Th>/mu-<. — .\.  further  increase  of  vascularity  ;  the  epithelial  masses  broken 
up  by  connective  tissue;  a  very  great  increase  in  the  number  of  cells  in  the 
surrounding  connective  tissue.  These  cells  are  the  large  primitive  leucocyte 
and  smaller  cells  whose  characters  resemble  the  small  erythroblasts.  At  this 
stage  it  has  become  possible  to  differentiate  these  cells  from  the  erythroblasts, 
and  to  recognise  them  as  small  lymphocytes.     The  wliole  nucleus  is  paler  than 
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that  of  the  erythioblasts ;  tlie  chromatin  strands  are  not  so  thick,  and  the 
chromatin  masses  tend  to  be  larger  and  more  scant}'.  The  protoplasm  is  rather 
more  basophil.  These  cells  have  invaded  the  epithelium  in  great  numbers, 
and  towards  the  periphery  of  the  thymus  greatly  outnumber  the  epithelial 
cells.  In  the  connective  tissue  round  the  thymus  are  now  little  groups  of 
nucleated  red  cells — some  showing  mitotic  figures. 

Sections  of  femur. — In  most  specimens  ossification  has  not  proceeded 
further  than  an  enlargement  of  the  cells  in  the  middle  of  the  cartilage.  One 
or  two  specimens,  however,  show  deposition  of  a  layer  of  periosteal  bone  and 
irruption  of  the  cartilage  by  vessels  and  fibroblasts.  These  vessels  contain 
megalocytes  almost  exclusivelj'.  A  very  few  nucleated  cells  are  present. 
Among  the  irriipted  osteoblasts  are  scanty  groups  of  three  or  four  small 
erythroblasts  at  wide  intervals,  and  still  less  frequent  is  an  occasional  megalo- 
blast  and  an  occasional  primitive  leucocyte. 

FcETUs,  6  CMS. — //('(■e;'.— Some  indication  of  lobular  arrangement ;  great 
erythroblast  activity ;  great  increase  in  the  number  of  large  primitive 
leucocytes,  groups  of  four  or  six  being  common,  while  islands  of  twenty  or 
more  occur.  Transitions  between  these  cells  and  megakaryocytes  are  numerous. 
The  latter  sometimes  show  phagocytosis  and  rarely  mitosis. 

Spleen. — The  spleen  has  been  differentiated.  It  consists  of  a  solid  mass 
of  branching  connective-tissue  cells  with  a  few  thick-walled  vessels.  Among 
the  connective-tissue  cells  are  a  few  primitive  leucocytes  and  erythroblasts  and 
fewer  young  giant  cells.  These  varieties  were  always  seen  singly.  A  good 
many  megalocytes  present  in  capillaries. 

FffiTUS,  7  CMS. — Liver  and  spleen  resemble  those  of  foetus  6. 

T/ipmus. — Thymus  now  divided  up  into  lobules  consisting  of  a  central 
(medullary)  portion  mainly  epithelium  and  peripheral  masses  of  lymphocytes 
alone.  In  the  medullary  portions  a  fair  number  of  lymphocytes  and  a  few 
large  primitive  leucocytes.  A  fewmegaloblasts.  The  connertive  tis.sue  around 
the  lobules  very  vascular. 

Sections  of  femur. — More  periosteal  bone  and  a  very  greatly  inci'cased 
vascularity.     The  blood  cell  increase  is  due  to  non-nucleated  elements. 

FcETUs,  10  CMS. — Liver. — The  liver  shows  definite  arrangement  of  its  cells 
in  radiating  rows.  Portal  tracts  and  bile  ducts  evident.  Between  the  rows 
of  cells  erythroblasts  in  great  numbers.  Large  leucocytes  numerous,  and  some 
of  them  show  indentation  and  lobulation  of  the  nucleus  and  a  much  less 
basophil  protoplasm.  Indications  of  granule  formation  can  be  distinguished. 
<!iant  cells  are  more  numerous  than  before,  and  some  are  jjliagoiytic. 

Spleen. — Si)leen  invested  by  a  thick  capsule.  Trabeculse  not  formed.  Tlio 
bulk  of  the  organ  still  consists  of  branching  connective-tissue  cells,  but  round 
the  arteries  these  cells  are  invaded  by  blood  cells  giving  rise  to  small  Mal])igliian 
budics.  The  cells  forming  the  Malpighian  corpuscles  are  mainly  jirimitive 
large  leucocytes,  but  there  are  also  a  fair  number  of  small  lymphocytes,  as 
Ue.scribed  in  the  thymus.  A  very  high  proportion  of  both  these  varieties 
shows  mitosis  in  this  situation. 

In  the  pulp  numerous  blood  cells  are  scattered  througliout,  but  are  never 
found  in  large  groujis.  In  nutuerical  order  the  cells  founii  are  non-nucleated 
red  elements,  erythroblasts,  and  primitive  largo  leucocytes.  Giant  cells  are 
fairly  common,  most  of  theiu  having  only  a  slightly  indented  or  lobcd  nucleus 
and  basophil  protoplasm,  a  few  having  the  tyi)icai  "basket-shaped"'  nucleus, 
and  more  acidoi)liil  proto]>lasm. 

Tlniniiii!. — .No  csscMlial  diirerence  from  the  appearance  seen  at  7  eras. 
Mogalo!>lasts,  erythroblasts,  and  primitive  leucocytes  numeroiis  in  the  connective 
tissue  Ix'tween  the  lobules. 

Seclions  of  femur. — Cartilage  all  opened  ni> ;  thick  dejwsition  of  young 
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periosteal  bone,  ami  a  medullary  cavity.  In  the  vessels  are  numerous 
megalooytes  ami  very  few  nucleated  cells.  Little  cellular  deposition.s,  most 
between  the  invading  osteoblasts  and  young  bono.  These  consist  of  rather 
circumscribed  groups  of  erythroblasts  numbering  twenty  or  thirty,  and  more 
widely  scattered,  and  smaller  groups  of  primitive  leucocytes.  Some  of  the 
latter  attain  very  large  size,  and  some  show  definite  signs  of  transition  to  the 
giant  cell  type.  Some  of  the  erythroblasts  are  acquiring  haemoglobin.  \ 
few  of  the  leucocytes  have  lobed  nuclei  and  eosinophil  granules  in  their 
protoplasm.  JNIultinucleated  osteoclasts  are  fairly  numerous  along  the  bony 
trabecule.  They  require  no  description  here,  but  are  not  to  be  confused  with 
the  giant  cells. 

Bone-mairoiv  films. — Prepared  by  squeezing  the  shaft  of  the  femur  in 
forceps  and  smearing  the  cut  end  over  a  coverslip.  The  majority  of  the  cells 
were  large  primitive  leucocytes,  a  fact  which  indicates  that  little,  if  any,  of 
the  contents  of  the  vessels  had  been  squeezed  out. 

Films  stained  with  eosin  and  methylene-blue  sliowed  the  same  kind  of 
cells  as  seen  in  sections,  but  in  films  stained  by  Jenner's  method  many  of  the 
leucocytes  contained  large  basophil  granules  (basophil  myelocytes),  and  these 
granules  seemed  gradually  to  accumulate  in  the  large  primitive  leucocyte. 
The  apparent  absence  of  these  granules  in  the  sections  is  probably  due  to  the 
fact  that  they  are  water-soluble.— Gulland  (1906).  Eosinophil  myelocytes 
were  present  in  smaller  numbers. 

FuiTUs,  12  CMS. — Liver. — Great  increase  in  the  number  of  non-nucleated 
red  cells.     Erythroblasts  in  great  mitotic  activity. 

Spleen. — Trabecule  now  formed.  Large  iniuibers  of  lilood  corpuscles 
throughout  pulp. 

The  next  most  numerous  blood  cells  are  the  erythroblasts.  These  are  also 
scattered  throughout  the  pulp,  but  here  and  there  occur  in  groups.  Some  are 
tinged  with  ha?mogIobin.  A  few  ])rimitive  leucocytes  and  a  very  few  mye- 
locytes are  found.     The  Malpighian  bodies  resemble  those  seen  at  10  cms. 

Sections  of  femur. — Cell  deposits  now  larger  and  more  numerous.  Most 
of  the  erytliroblasts  acquiring  haemoglobin ;  a  good  many  megaloblasts  with 
their  full  complement  are  present.  Eosinophils  fairly  common ;  myelocytes 
and  polymorpho-nuclear  leucocytes  of  the  neutrophil  series  in  fair  numbers. 
The  large  primitive  leucocytes  still  numerous,  and  their  numbers  are  being 
reinforced  by  a  metamorphosis  of  the  connective-tissue  cells  of  the  primitive 
marrow  reticulum.  These  cells  become  rounded  and  project  from  the  tibrous 
strands.  They  lose  their  connection  with  these  strands;  their  chromatin 
gradually  increases  and  becomes  slightly  more  basophil,  and  they  arc  then 
indistinguishable  from  the  primitive  leucocytes. 

Films. — The  non-nucleated  red  cells  now  predominate,  and  there  is  a 
close  correspondence  to  the  cells  seen  in  sections. 

FcETUS,  17  CMS. — Liver. — Still  enormous  numbers  of  erythroblasts  between 
the  rows  of  liver  cells.  A  very  small  proportion  are  acqtiiring  ha?moglobin. 
Mitoses  are  numerous.  Large  primitive  leucocytes  widely  scattered  through- 
out, singly  or  in  small  groups  ;  a  few  of  them  show  indented  nuclei  and 
faint  granules  in  the  protoplasm.  Giant  cells  very  numerous.  Some  show 
mitosis. 

Spleen. — The  spleen  in  general  arrangoiucnt  has  aciiuired  adult  i-haractcrs. 
Jlalpighian  bodies  are  conspicuous,  and  run  along  the  arteries  forming  a  sheath. 
The  pulp  is  intersected  by  thick  trabecule  containing  numerous  visceral  mu.scle 
iibr"s.  Non-nucleated  red  cells  are  numerous  in  the  pulp.  Little  erythro- 
blastic islands  are  scattered  throughout.  A  few  large  primitive  leucocytes 
are  to  be  seen,  and  some  of  these  are  being  formed  by  a  dilicrentiation  of 
cells  of  the  reticulum.  The  leucocytes  of  the  IMalpighian  bodies  now  otecure 
the  reticulum,  and  resemble   lymphocytes  of  the   adult   type   (see   Thymus, 
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5  cms.).  Most  of  them  are  intermediate  in  size,  between  the  large  and  small 
adult  lymphocyte. 

Bone  marroio.  —  Sections  of  the  femur  now  show  definite  Haversian 
systems.  In  the  vessels  there  are  large  numbers  of  non-nucleated  red  cells. 
Nucleated  elements  of  any  kind  are  uncommon,  not  so  many  as  one  occurring 
in  each  ,Vinch  field. 

A  great  increase  in  the  number  of  extra-vascular  cell  elements  has  occurred. 
These  appear  to  be  about  equally  divided  between  the  erythroblastic  and 
leucoblastic  groups.  A  large  number,  probably  the  majority  of  the  erythro- 
blasts,  are  now  acquiring  haemoglobin.  Cells  corresponding  to  the  adult 
normoblast  with  pyknotic  nucleus  are  fairly  frequent.  The  large  primitive 
leucocyte  is  in  fair  numbers,  and  transitions  from  it  to  fully-formed  myelocytes 
and  polymorphonuclear  cells,  both  neutrophile  and  eosinophile,  ai'e  common. 
Transitions  between  it  and  the  giant  cell  are  numerous,  but  very  few  of  the 
latter  have  attained  their  full  development  as  seen  in  the  liver. 

FcETUS,  22  CMS. — Liver. — Except  for  a  distinct  increase  in  the  number  of 
granular  leucocytes,  the  appearances  resemble  those  of  foetus,  17  cms. 

Spleen. — Malpighian  bodies  larger.  The  erythroblasts  are  in  many  cases 
acquiring  hferaoglobin,  and  the  number  of  granular  cells,  especially  myelocytes, 
has  increased.     Basophils  here  and  there  in  the  Malpighian  bodies. 

Tltijinna. — There  is  now  a  complete  ring  of  lymphoid  tissue  round  each 
central  island  of  epithelium.  This  epithelium  is  greatly  invaded  by  lymjiho- 
cytes,  and  the  interlobular  connective  tissue  has  been  greatly  curtailed  by 
lymphocyte  increase.  A  few  eosinophil  myelocytes  are  scattered  throughout, 
and  sometimes  occur  in  small  groups.' 

Bone  iiKirrow. — The  marrow  is  much  more  circumscribed  in  the  medullary 
cavity.  Some  fat  cells  are  present.  Leucoblastic  elements  have  greatly 
increased.  Primitive  leucocytes,  myelocytes,  polymorphs,  and  eosinophils 
numerously  represented.  Giant  cells  fairly  numerous.  Films  show  in  addition 
a  number  of  basophils.  Red  corpuscles  are  found  mixed  throughout  all  the 
other  cells  and  erythroblasts ;  megaloblasts  and  normoblasts  are  present. 

Fu:tus,  30  CMS. — Lit-er. — A  slight  diminution  now  occurs  in  the  number 
of  erythroblastic  cells,  which,  however,  by  far  outnumber  the  other  blood 
cells.  Small  groups  of  primitive  leucocytes  with  transitions  to  polymorphs 
and  eosinophils  are  common.  Giant  cells  are  numerous  and  very  large.  A 
few  are  phagocytic  to  red  cells  and  erythroblasts. 

Sjileen. — Erytliroblast  elements  are  scanty.  rrimitive  leucocytes  are 
numerous,  and  the  myelocytes,  polymorphs,  and  eosinojihils  (lutniimber  them, 
and  outnumber  tliose  in  corresponding  areas  of  liver.  The  granules  are  very 
scanty  in  some  of  the  eosinophils. 

Thijmus. — There  is  greater  lymphocyte  invasion  of  the  nK-dulla  of  the 
lobides,  and  a  fair  number  of  eosinophil  myelocytes  arc  jn'esent. 

Btino  marroir. — Cartilage  is  now  seen  only  as  degenerated  strands  enclosed 
in  the  bony  trabecuho.  Fat  cells  have  increased  among  the  blood  cell.s. 
Lcucobla.«t  activity  seems  to  preponderate  over  erythroblastic.  Myelocyte!*, 
polymorphs,  and  eosino[)hils  have  greatly  increased  at  the  expense  of  the  largo 
l)rimilive  leucocytes.  Eosinophils  occur  in  fairly  largo  groups.  In  films  these 
cells  arc  outnumbered  by  basophils. 

Erythroblasts  without  hivmoglobin  have  practically  disappeared.  Megalo- 
blasts and  normoblasts,  many  exanqiles  showing  mitosis,  are  numerous. 
Ty|)ical  giant  cells  are  fairly  numerous. 

FtEiiis,  3.5  CMS. — Liver,  Splpen,  Tlii/miii>. — llivmatogenetic  findings  do  not 
differ  much  from  those  seen  at  30  cms, 

'  A  fow  lliuwall's  por|iiiscles  arc  now  foniifil,  but  these  iiiiil  some  similiir  liiiilintp  ilo  not 
full  witliin  tlio  Kcopc  or  tliis  pajier. 
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Bone  marrow. — The  marrow  has  increased  in  amount,  and  can  be  readily 
scooped  out.  There  is  a  definite  arrangement  of  wide  capillaries  containing 
red  corpuscles.  Between  these  are  large  cellular  accumulations  forming 
erythroblastic  and  leucoblastic  areas.  These  are  in  no  way  sharply  differenti- 
ated, but  parts  can  easily  be  demonstrated  as  erythroblastic,  myelocytic,  or 
eosinophilic.  The  myeloblastic  areas  preponderate.  Giant  cells  more  numerous 
and  larger  than  at  any  previous  stage.  A  few  show  mitosis.  In  the  erythro- 
blastic areas  are  many  cells  without  hsemoglobin,  but  megaloblasts  and  normo- 
blasts are  also  found.  In  the  large  myeloblastic  areas  are  many  large  primitive 
leucocytes,  also  cells  corresponding  to  lymphocytes  of  intermediate  size. 
Myelocytes  with  very  fine  pink  granulation  numerous ;  polymorphomiclear 
leucocytes,  most  with  horseshoe  nuclei,  are  abundant. 

Eosinophil  myelocytes  and  polymorphs  present  in  smaller  areas,  and  not 
so  densely  packed. 

In  films  stained  by  Jcnner's  method  basophils  outnuml)er  the  eosinophils. 

FcETus,  45  CMS. — Blood. — Specimens  of  heart  blood  taken  some  hours  after 
death  are  necessarily  unsatisfactory.  The  following  paragraph  describes  such 
a  specimen,  but  although  the  cells  were  well  preserved  their  proportions  do 
not  necessarily  indicate  the  proportions  in  the  living  cu-culation. 

The  red  cells  were  of  the  megalocytic  tj^pe  and  slightly  polychromasic. 
(If  the  nucleated  cells,  megaloblasts  greatly  preponderated.  About  one  in 
every  four  of  these  had  no  hsenioglobin.  The  next  most  numerous  cells  were 
largo  primitive  leucocytes  (one  to  every  three  megaloblasts),  normoblasts 
(half  as  numerous),  and  polymorphs  (still  fewer). 

Liver. — Little  qualitative  change  in  the  cells,  but  htemopoietic  areas  have 
considerably  diminished.     Many  of  the  giant  cells  are  degenerated. 

iSpJeen. — The  Malpighian  bodies  large.  The  pulp  is  packed  with  blood 
cells  obscuring  the  reticulum.  The  large  primitive  leucocyte  preponderates, 
but  granular  cells  of  all  sorts  are  numerous.  Megaloblasts  plentiful,  and  a 
fair  sprinkling  of  normoblasts.     Giant  cells  fewer. . 

Thijmus  shows  little  cliange. 

Bone  marrow. — Cell  proliferation  very  active,  and  all  varieties  of  cells  are 
more  intimately  associated,  so  that  the  areas  which  can  be  diflerentiated  as 
leucoblastic  or  erythroblastic  are  smaller.  Megaloblasts  without  hemoglobin 
still  numerou.s,  but  a  greater  proportion  contain  it.  Giant  cells  very  plentiful 
anil  large ;  many  phagocytic,  j^ot  more  than  one  cell  is  usually  seen  con- 
tained in  a  giant  cell.  These  found  ingested  were  erythroblasts,  red  corpuscles, 
and  polymorphs. 

FcETUs,  46'5  C.MS. — This  specimen  had  a  well-developed  fleece,  and  appeared 
tip  be  approaching  full  time. 

Liver. — Hpemopoietic  areas  numerous,  but  more  limited  to  the  peripheral 
parts  of  the  lobules,  and  very  much  smaller  in  size.  Erythroblast  areas  are 
the  more  numerous.  These  comprise  erythroblasts  of  which  a  fairly  large 
proportion  contain  haemoglobin,  and  a  large  number  of  fully  developed  red 
cells  (mostly  megalocytes).  Mitoses  very  numerous.  The  leucoblastic  areas 
are  commonly  composed  of  groups  of  about  four  primitive  Icvieocytes,  and 
often  in  addition  a  myelocyte,  polymorph,  or  eosinophil.  Each  of  the.se. 
varieties  al.so  occurs  singly  throughout  the  liver.  Tlic  number  of  giant  cells 
has  notably  diminished. 

Spleen. — The  Malpighian  bodies  are  large.  The  pulp  is  densely  packed  with 
cells.  Most  numerous  are  large  primitive  leucocytes,  then  cells  of  the  granular 
series  taken  collectively,  erythroblasts,  myelocytes,  and  polymorplis,  and  lastly 
eosinophils  and  basophils  in  about  equal  proportions. 

Thymus. — Lobules  large ;  the  proportion  of  cortex  in  each  lobule  has 
increased.  Large  primitive  leucocytes  and  small  lymphocytes  with  denser 
chromatin  present  in  about  equal  numbers.     In    the   medulla   fair  numbers 
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of  eosinophils,  usually  with  small  rounded  nuclei.     Basophils  also  present  in 
slightly  smaller  numbers  ;  an  occasional  polymorph. 

Bone  marrow. — Cells  in  the  marrow  densely  packed,  and  show  a  picture 
of  remarkable  reproductive  activity.  Fully  formed  red  corpuscles  are  most 
numerous.  Next  most  common  are  erythroblasts  varying  greatl}'  in  size, 
and  fewer  megaloblasts.  A  few  normoblasts  containing  haemoglobin  present. 
The  large  primitive  leucocyte  is  numerous,  and  shows  transitions  as  before  to 
myelocytes,  polymorphs,  and  eosinophils.  The  increase  of  the  latter  is 
perhaps  the  most  striking  feature  at  this  stage.  Basophils  are  considerably 
fewer.  A  good  many  cells  show  notched  or  horseshoe  nuclei  with  feebly 
basophil  or  h3'aline  protoplasm — "transitional  cells."  Giant  cells  are  now 
very  numerous  and  very  large.  They  do  not  appear  to  be  so  actively  phago- 
cytic as  at  earlier  stages. 

Lamb,  1  day  old. — Liver  and  Spleen. — These  organs  do  not  now  contain 
hsemopoietic  areas,  and  resemble  those  of  the  adult. 

Lamb,  3  days  old. — Mai-row.  —  Erythroblasts  without  hnemoglobin  still 
fairly  common.  Normoblasts  are  slightlj'  more  numerous,  and  eosinophils  are 
rather  more  numerous,  but  the  general  picture  closely  resembles  that  seen  in 
foetus,  46'5  cms. 

Lamb,  22  days  old. — Bone  marrow. — A  very  striking  increase  of  fat  has 
occurred,  so  that  the  hemopoietic  cells  are  divided  up  into  little  irregular  areas 
between  the  fat  cells.  These  areas  are  composed  of  erythroblasts,  many  of 
whose  nuclei  now  approach  the  pyknotic  normoblast  type,  undifferentiated 
leucocytes,  and  their  granular  descendants.  Ordinary  polymori)hs  are 
strikingly  increased,  and  occur  in  fairly  large  groups.  Their  granulation  is 
exceedingly  fine.  There  are  also  very  large  groups  of  eosinophils,  which  far 
outnumber  the  neutrophil  polymorphs.  Basophils  occur  in  much  smaller 
numbers. 

H^MATOGENESis  IN  A  Hu.MAN  FcETUS. — I  luivo  recently  had  the  o[iportunity 
of  examining  serial  sections  of  a  human  foetus.  Unfortunately  it  had  not 
been  measured,  and  the  data  regarding  its  age  were  unsatisfactory.  The  spleen 
had  just  been  ditierentiated,  the  cartilages  were  vascularised,  but  no  marrow 
deposition  had  occurred.  The  liver  showed  erythroblastic  areas,  smaller 
leucoblastic  areas,  and  numerous  young  giant  cells.  The  thymus  showed  active 
lymphocyte  proliferation. 

In  these  organs  the  cytological  conditions  were  exactly  comparably  to 
those  found  in  a  foetal  sheep  measuring  about  5  cm.  It  is  therefore  justifiable 
to  refer  to  points  in  human  embryology  and  i)athology  which  have  a  bearing 
on  the  folliiwing  discussion. 

ill.  TIIK  SK(,)UENCE  OF  PEVELOPIMENT  AND  KoLE  OF 
THE  ILEMOPOIETIC  (IKG.VNS. 

A.    Ski,iUEN(E    of    DKVKI.or.MKNT. 

Up  to  2  cms.  proliferation  of  megalohliists  is  taking  place  in  the 
vessels  and  mucoid  ti.s.sue  tlirougliout  the  body,  so  tiiat  no  particular 
organ  can  be  said  to  have  a  specially  Incmopoietic  function.  Tlie 
proliferation  that  is  taking  place  in  the  liver  and  kidney  is  in  no  way 
fliirereiit  from  tiiat  occurring  in  the  vessels. 

From  2  cms.  onwards  tliroughout  the  greater  ]tarl.  if  not  tlic 
whole,  of  f(ntal  life  the  liver  is  the  chief  seat  of  hicmalogenesis. 
Krythroblastic  fiiuctiou  is  then  evident.      Leucocytes  are  present,  bnt 
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do  not  occur  iu  proliferatiug  groups   till  the  fa}tus  attains  a  length  of 
G  cms. 

At  4  cms.  leucocyte  formation  begins  in  the  region  of  the  thymus. 
At  this  period  leucocytes  are  probably  more  numerous  in  the  con- 
nective tissue  round  the  thymus  than  in  any  other  part  of  the  body,, 
as  Gulland  (1891)  has  shown,  although  the  liver  might  be  a  possible 
exception. 

I  am  in  agreement  with  Bryee  (1905)  and  Hammar  (1905),  and 
in  opposition  to  Beard  (1900,  1902),  in  finding  that  leucocytes  are 
present  in  the  body  at  a  period  when  the  thymus  is  still  a  purely 
epithelial  organ.  It  should  be  noted  that  the  first  appearance  of 
leucocytes  in  the  region  of  the  thymus  occurs  in  the  connective  tissue 
surroimding  it,  and  not  among  the  epithelial  cells.  This  appearance 
suggests  a  chemiotactic  process.  My  reading  of  the  appearances 
described  is  as  follows :  The  epithelium  of  the  thymus  becomes, 
surrounded  and  afterwards  invaded  by  large  primitive  leucocytes  and 
the  products  of  their  division,  the  lymphocytes,  which  thereafter 
actively  divide  and  supply  lymphocytes  via  the  lymphatic  vessels  to- 
the  circulation.  I  am  imable  to  agree  with  Stohr  (1905)  and  Basch. 
(1906)  that  the  so-called  lymphocytes  are  epithelial  in  nature  and} 
origin.  The  occasional  finding  of  little  groups  of  eosinophils  and: 
basophils  indicates  that  the  primitive  leucocyte  reaching  the  thymus; 
may  occasionally  develop  along  other  lines.  Groups  of  eosinophils., 
have  been  described  in  the  human  thymus  by  Schaffer  (1891), 
Dudgeon  (1905),  Browning  (1905),  and  others.  Not  only  are  white 
cells  other  than  lymphocytes  to  be  found  in  the  connective  tissue 
round  the  thymus,  but  little  groups  of  erythroblasts  were  noticed  in. 
one  specimen.  This  has  also  been  noticed  by  Schafler  (1893).  The- 
production  of  erythrocytes  or  of  leucocytes  of  the  granular  series, 
however,  is  not  an  important  or  constant  function  of  the  thymus,  and 
in  the  case  of  the  former  is  probably  due  to  the  chance  invasion  of 
one  or  more  erythroblasts  at  a  time  when  these  cells  in  a  state  of 
active  proliferation  frequently  find  their  way  into  the  circidation. 

At  stage  5  cms.  the  first  indication  of  hiematogenesis  appears  in 
the  femur.  The  blood  cells  contained  iu  the  vessels  which  first 
channelise  the  cartilage  are  lismoglobin — carrying  and  practically 
entirely  non-nucleated. 

At  stage  G  cms.  the  spleen  is  differentiated,  but  only  contains  an- 
occasional  erythroblast  and  leucoblast.  It  is,  however,  now  a 
h;emopoietic'  organ  in  the  same  slight  degree  that  the  bone  marrow 
is  at  5  cms.  The  bone-marrow  therefore  anticipates  the  spleen  by  a 
short  interval  as  a  producer  of  erythrocytes  and  leucocytes.  It  is  not- 
till  a  size  of  10  cms.  is  reached  that  h;fmatogenesis  in  either  situation 
can  be  said  to  be  active  and  Malpighian  bodies  are  formed. 

Lymphatic  glands. — These  were  mifortunately  not  preserved.  It 
may   be    stated,  however,  that  no  structure   resembling  a  lynipliatii-- 
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gland  was  present  in  any  of  the  serial  sections  up  to   ?>    cms. ;  nor 
-were  any  found  in  the  incomplete  serial  sections  made  up  to  7  cms. 

B.  The  Association  of  the  H.emopoietic  Okgans  with  the 

niFFEKENT    BLOOD    CeLLS. 

Liver. — The  liver  is  identified  with  the  production  of  all  varieties 
of  blood  cells,  but  its  erythroblastic  function  preponderates  throughout. 
When  differentiation  of  leucocytes  occurs,  all  varieties,  with  the  possible 
■exception  of  the  small  (or  differentiated  large)  lymphocyte,  occur  as 
soon  in  the  liver  as  elsewhere.  The  groups  of  granular  cells,  eosino- 
phils, and  later  polymorphs  (possibly  also  basophils)  are  never  quite 
so  large  as  those  seen  in  the  marrow,  especially  in  the  later  stages. 
In  consideration  of  the  relatively  large  size  of  the  liver,  hov^'ever,  its 
importance  as  a  leucoblastic  organ  as  well  as  an  erythroblastic  organ 
must  be  very  great.  The  htemogenetic  function  of  the  liver  terminates 
somewhat  abruptly  before  birth. 

Marrow. — As  in  the  liver,  erythroblastic  formation  inejionderates 
in  the  marrow  throughout  the  greater  part  of  foetal  life.  Towards  full 
time  the  proportion  of  leucocytes  of  the  granular  series  gradually 
increases,  but  it  never  equals  that  of  erythroblastic  cells.  The  activity 
of  the  marrow  towards  birth,  and  for  at  least  three  days  after  birth, 
appears  very  much  greater  than  in  the  adult  condition,  as  tlie  amount 
of  fat  is  negligible.  It  is,  however,  hardly  probable  that  the  subsequent 
separation  of  the  blood-forming  cells  into  islands  by  fat  cells  really 
indicates  any  diminution  of  homogenetic  activity.  The  bulk  of  the 
marrow  increases  vastly  with  increase  in  the  diameter  of  the  bones, 
and  this  necessitates  the  development  of  an  indifferent  tissue — the  fat, 
and  at  the  same  time  allows  of  elasticity  in  the  arrangement  for  an 
increase  in  blood-forming  elements  should  the  necessity  for  it  ever 
arise. 

Spleen. — As  a  homogenetic  organ  in  fo-tal  life  the  spleen  is 
comparatively  unimjjortant.  The  lymphocyte  j)roduction  in  the 
Malpighian  bodies  does  not  begin  till  long  after  their  i)roduction  in 
the  thymus.  Erythroblastic  formation  at  first  ])repouderate.s  in  the 
pul]),  hut  later  is  exceeded  by  proliferation  of  leucocytes. 

Lym2ihoi(l  tiasticsi. — It  is  not  a  little  remarkable  that  the  lymi)lio- 
cytes,  which  of  all  the  leucocyte  group  jireservo  most  closely  their 
resemblance  to  the  ])riniitive  type,  are  tlie  most  exclusive  a.s  regards 
the  sites  of  tlieir  development.  In  the  sites  studied  (the  tliymus  and 
Maljiigliian  bodies  of  the  .s])leen)  the  occurrence  of  any  other  variety 
of  coll  was  of  groat  rarity.  Tliese  cells  are  also  comi)aratively  uu- 
conniioii  in  the  sites  of  erythrocyte  and  granular  leucocyte  formation. 

At  tlie  .same  time,  this  exclusiveness  is  not  alwoluto.  (Jells  of  the 
granular  .series  may  occur  in  lymplioid  tissue,  as  has  been  (liscu.s.sed  in 
connection  with  tlie  thymus,  and  lym])hocytes  were  noted  in  the  bone 
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marrow  at  stage  35  cms.,  and  transitional  cells  whicJi  belong  to  tliis 
series  were  found  at  a  later  stage.  It  is  also  possible  that  some  of 
the  cells  without  granules  and  with  notched  nuclei  seen  in  tlie  liver 
were  "  transitional "  cells  of  the  lymphocyte  series. 

Gcncaloyy  of  the  Bed  CoiyuHclcti. 

As  my  material  does  not  extend  back  to  the  period  when  red 
cells  are  first  formed,  all  that  can  be  said  is  that  from  OG  cm.  to 
!2  cms.  megaloblasts  and  almost  no  other  cells  are  found  in  the  heart 
and  vessels.  Great  numbers  show  mitosis,  and  are  therefore  actively 
proliferating  there.  At  2  cms.  this  means  becomes  insufficient  for  the 
necessary  supply  of  blood  corpuscles.  A  new  set  of  cells,  erythroblasts, 
arise  which  are  devoted  to  the  process  of  supplying  them.  These  cells 
do  not  contain  hemoglobin,  for  the  probable  reasons  that  it  is  a 
hindrance  to  mitosis ;  and,  secondly,  because  the  cells  being  stationary 
have  no  resjjiratory  function  and  do  not  require  it.  The.se  cells  are 
first  found  in  the  liver,  and  the  question  arises  whether  they  are  formed 
there,  possibly  by  a  metamorphosis  from  the  reticulum,  or  whether  they 
are  descended  from  the  pi-oliferating  hiemoglobin  containing  megalo- 
blasts. 

Bryce  (1905)  discusses  this  question  in  connection  with  the 
spleen  in  his  researches  on  leindosiren,  and  concludes  for  the  former 
alternative,  for  the  reasons  that  the  number  of  erythroblasts  is  out  of 
proportion  to  the  number  of  megaloblasts  showing  mitosis,  and  for  the 
more  cogent  reason  that  the  nuclei  of  the  erythrolilast  diH'ers  fnmi  that 
of  the  primitive  megaloblast. 

The  question  is  difficult,  but  I  conclude  for  the  alternative  that  the 
erythroblasts  are  the  direct  progeny  of  the  first  megaloblasts  in  fa^tal 
sheep.  I  can  distinguish  no  difference  in  nuclear  structure,  and  for 
the  reasons  just  indicated  there  can  be  little  doubt  that  the  erythro- 
blasts can  and  do  proliferate  much  more  rapidly  than  the  first 
megaloblasts.  The  erythroblasts  having  arisen  may  i)roliferate  for 
many  generations  without  hitmoglobin,  or  may  begin  to  acquire  it 
almost  at  once.  Mitosis  may  occur  in  these  luemoglobin-coutaining 
cells  (.second  megaloblasts),  which  are  indistinguishable  from  the  fii'st 
megaloblasts  found  before  erythroblasts  are  develo])ed.  This,  however, 
is  uncommon  as  compared  with  erythroblast  division. 

A  more  common  appearance  between  the  stages  of  2  and  5  cms. 
is  that  of  megaloblasts  with  their  nuclei  undergoing  degeneration  and 
absorption,  so  that  by  the  time  a  size  of  5  cms.  is  reached  tlie  groat 
majority  of  blood  corpuscles  in  the  circulatory  system  :ire  non- 
nucleated. 

A  notable  featiue  througliout  the  series  after  stage  5  cms.  is  tlie 
scantiness  of  nucleated  elements  in  the  heart  and  larger  vessels,  ami 
the  apparent  reluctance  witli  which  nucleated  elements  leave  tlie 
luemogenetic  areas.     One  is  tempted  to  apply  tlie  dictum  of  Heiii/ 
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(1901),  that  in  pathological  conditions  the  appearance  of  nucleated 
red  cells  in  the  circulating  hlood  indicates  a  disturbance  rather  than 
great  activity  of  the  blood-forming  elements.  The  proportion  of 
circulating  nucleated  cells  in  no  way  represents  the  activity  of 
proliferation,  and  their  presence  is  in  all  probability  not  so  much  due 
to  the  proliferation  as  to  the  disturbance  it  causes. 

This  thesis  has  been  recently  developed  by  Bunting  (1906),  who 
shows  experimentally  that  normoblasts  ajjpear  in  tlie  circulation  after 
marrow  disturbance,  and  that  a  severe  toxic  action  leads  to  the 
appearance  of  megaloblasts. 

Normoblasts. — It  is  difficult  to  say  exactly  at  what  period  normo- 
blasts (hremoglobin-containing  cells  with  pyknotic  nuclei)  appear. 
Normoblasts  are  certainly  present  at  35  cms.,  but  long  before  that, 
as  early  as  stage  17  cms.,  certain  of  the  nucleated  red  cells  have  a 
nucleus  of  normoblastic  type.  In  many  instances,  however,  one  could 
identify  them  as  megaloblasts  on  account  of  their  large  size.^  The 
normoblasts  are  derived  from  the  megaloblasts  by  their  mitotic 
division.  The  process  is  by  no  means  always  an  abrupt  one,  and 
consequently  intermediate  forms  are  commonly  met  with.  Normoblasts 
always  contain  h;emoglobin  to  such  an  amount  as  to  obscure  the 
structure  of  their  protoplasm.^  They  therefore  do  not  show  poly- 
chromatophilia  of  the  same  nature  as  the  megalol)lasts,  but  do  show  a 
polychromatophilia  in  disease  due  to  degeneration. 

Megaloblastic  blood  formation  persists,  not  only  to  the  end  of,  but 
for  some  time  after,  foetal  life.  It  is  indeed  open  to  question  whether 
it  ever  disappears  entirely.  It  does  not  at  all  follow  that  megalocytes 
are  supplied  to  the  circulation.  The  megaloblasts  give  rise  to 
normoblasts ;  the  normoblasts,  in  their  turn,  giving  rise  to  erythrocytes. 

The  exact  mechanism  of  this  latter  change  I  have  not  followed. 
In  some  way  the  nucleus  disappears,  and  in  old  cells  shows  varying 
forms  of  degeneration.  Extrusion  of  the  nucleus  jirobably  never 
naturally  occurs.  Extruded  nuclei  are  met  with  very  rarely,  and 
almost  always  in  circumstances  indicating  that  the  process  has  beeu 
artificial. 

Grucaloi/i/  of  the  Lci(coc>/tcs. 

An  occasional  leucocyte  was  found  in  the  lieart  at  1  cm.  Fair 
numbers  were  found  in  the  liver  at  '2  cms.  Their  numbers  afterwaixls 
increased  rapidly.  There  can  be  little  doubt  that  their  numbers 
increased  out  of  all  jjroportion  to  tlie  inunber  of  mitotic  figures  they 
shovve<l.      It   is   therefore   necessary  to   look   for  a  .source   from  which 

'  I'apiienlK'im  lias  shown  that  mi'io  size  is  not  a  siilliiipiit  criterion  to  distiiif^lisli 
lictwcfii  iiicKiilohlnsts  mid  iioriiiobliists.  I  tuku  it,  however,  that  a  cell  whose  dinieusioiis 
arc  well  above  tlio  erythrocyte  size  may,  in  cases  of  doulit,  be  classed  as  a  niegaloblast. 
The  fact  that  a  cell  is  of  ordinary  size,  however,  in  no  way  justifies  the  opinion  that  it  is 
not  a  niegaloblast  if  iUs  nucleus  is  of  niegaloblast  type. 

'  "  Vital"  stjiining  is  not  taken  into  ronsidcration. 
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they  could  be  differentiated.  Only  two  suggest  themselves.  These 
are — (1)  the  erythroblasts,  aud  (2)  the  cells  of  the  reticidum  (mesen- 
chyme cells). 

I  exclude  the  first  source  for  two  reasons.  Firstly,  no  evidence 
of  transition  in  the  form  of  nucleus,  either  as  regards  arrangement  of 
chromatin  or  tiuctorially,  although  carefully  looked  for,  could  be  made 
out.  Secondly,  the  groups  of  leucocytes  were  seldom  found  in 
relationship  to  the  groups  of  erythroblasts,  but  were  scattered  singly 
or  in  little  islands  by  themselves.  The  alternative  remains  that  the 
leucocytes  were  difterentiated  from  mesenchyme  cells  in  or  among  the 
liver  reticulum.  This  process  I  could  never  actually  demonstrate 
with  certainty,  but  the  grouping  at  an  early  stage  and  the  arrangement 
of  these  cells  in  relationship  to  the  liver  cells  suggested  a  local  origin 
rather  than  an  invasion  from  without  or  the  result  of  proliferation. 
It  has  been  noted,  however,  that  a  process  of  differentiation  of 
leucocytes  from  connective  tissue  cells  could  be  followed  at  a  later 
stage  in  the  developing  bone  marrow. 

From  the  point  of  the  development  of  the  primitive  large 
leucocyte  I  am  in  agreement  with  most  recent  authors  in  deriving 
from  it  all  the  other  varieties. 

An  early  cell  to  appear  is  the  small  lymphocyte,  which  arises  by 
mitotic  division  of  the  primitive  leucocyte,  first  in  the  neighbourhood 
of  the  thymus.  The  small  lymphocytes  rapidly  proliferate,  and  form 
the  masses  of  lymphoid  tissue  of  the  thymus,  spleen,  and  other  organs, 
and  in  these  organs  all  the  other  cells  of  the  lymphocyte  group  are 
produced. 

The  question  of  the  develojiment  of  the  large  from  the  small 
lymphocyte  has  recently  been  much  discussed.  Pappenheim  (1905) 
distinguishes  between  these  cells  by  the  type  of  nucleus,  and  states 
that  although  small  individual  large  Ij^mphocytes,  and  large  individual 
.small  lymphocytes  occur,  this  nuclear  difference  is  still  sufficient  to 
classify  them,  and  he  does  not  admit  that  the  large  lymphocytes  can 
be  derived  from  the  small. 

So  far  as  I  can  gather  from  my  present  material  I  am  inclined  to 
agree  with  Tiirk  (1905)  aud  Gulland  (1906),  that  the  large  lymphocyte 
is  developed  by  growth  or  in  part  by  absorption  of  fluid  (Gulland) 
from  the  small  lymphocyte.  Among  my  reasons  for  this  is  the  fact 
that  in  the  early  development  of  the  thymus  the  large  primitive 
leucocytes,  after  dviding  to  form  the  small  lymphocytes,  almost  or 
altogether  entirely  disappear,  and  the  only  cells  found  there  are 
proliferating  small  lymphocytes.  At  a  stage  somewhat  later  all  the 
cells  of  tlie  lymphocyte  grou])  are  present  in  considerable  numbers. 
These  must  be  derived  from  the  small  lymphocytes  by  their  growth. 

I  agree  with  both  Gulland  and  I'appeuheim  in  holding  that 
the  large  lymphocyte  may  become  either  a  large  mononuclear 
(splenocyte,  in    the    new  nomenclature),  or  a    transitional    cell  with 
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notched  nucleus.  The  mechanism  of  this  change  is  admirably 
explained  by  Gulland  (1906):  "In  the  large  mononuclear  the 
protoplasm  increases  in  amount  more  rapidly  than  the  nucleus  does ; 
the  strands  of  cytoplasm  are  much  more  widely  separated,  and  from 
the  large  size  of  the  cell  the  astrosphere  is  able  to  lie  in  its  centre 
without  deforming  the  nucleus  to  any  great  extent.  In  the  other 
case  the  nucleus  increases  in-  size  more  rapidly  than  the  cell  body,  and 
in  accordance  with  Heidenhain's  law  becomes  first  indented,  then 
horseshoe  -  shaped,  and  ultimately  assumes  the  more  markedly 
polymorphous  forms  which  are  found  in  the  transitiouals  in  the 
blood." 

At  stage  10  cms.  eosinophil  granules  begin  to  accumulate  in  the 
primitive  leucocytes  as  seen  in  section,  but  in  films  stained  with 
alcoholic  mixtures  basophils  are  more  numerous.  The  basophils, 
therefore,  probably  appear  rather  before  the  eosinophils.  As  develop- 
ment proceeds  eosinophils  become  much  the  more  numerous.  These 
cells  are  now  myelocytes.  Before  granules  begin  to  accumulate  the 
primitive  leucocyte  shows  a  less  basophil  protoplasm,  .so  that  in  many 
instances  it  is  possible  to  distinguish  a  cell  as  a  pro-myelocyte,  or  in 
the  terminology  of  Pappenheim's  recent  comprehensive  schema  (1907), 
a  myeloblast.  This  distinction  is  easier  at  a  later  stage  in  connection 
with  the  neutrophil  series  after  all  the  other  cells  have  been 
differentiated.  As  is  well  established,  the  myelocytes  undergo 
change  in  the  shape  of  their  nuclei,  and  become  polymorph(muclear 
cells. 

The  cells  of  the  neutrophil  group  are  the  last  to  ajipear.  They 
are  seen  at  12  cms.  in  the  liver  and  marrow.  Granules,  which  in 
the  sheep  are  excessively  fine,  appear  in  the  protopla.sm  of  the 
primitive  leucocytes,  giving  rise  to  neutrophil  myelocytes.  The 
intermediate  stage  of  myeloblasts  is  frequently  apparent.  From  the 
neutrophil  myelocyte  the  fully  developed  polynioriiliDnu'-lc-ir  neutro- 
phil leucocyte  arises. 

Fate  of  the  Primitive  Lcvcocytc. 

Towards  the  end  of  foetal  life  this  cell  is  still  abundant  in  the 
liver  and  spleen,  and  at  a  later  period  it  is  present  in  the  bone 
marrow.  Is  this  cell  to  be  identified  with  tlie  large  lymphocyte  of 
the  adult  circulation  ?     I  am  inclined  to  answer,  no. 

As  has  been  seen,  tiiere  is  a  period  in  the  history  of  the  lymphoid 
ma.s.ses  of  the  thymus  and  in  tlie  Malpighian  bodies  of  the  spleen 
when  largo  lym[ihocytes  are  practically  absent.  They  I'eturn  when 
the  proliferation  of  small  lym])hoc}'tes  in  these  situations  has 
slackened  a  little  and  jierniitted  individual  growth.  The  great 
difficulty,  however,  lies  in  the  ])racticnl  identity  of  a]>poai-iiiu'c  between 
large  lymphocytes  and  ])riniitive  leucocytes. 

As   regards   this   point,  I    admit    tliat    in    most    instances    it    is 
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impossible  to  distiuguish  them ;  yet  between  typical  examjjles  there 
is  a  difference,  particularly  in  the  greater  amount  of  chromatin  in  the 
lymphocyte  nucleus.  I  agree  with  Tiirk  (1905),  that  with  ordinary 
stains  it  is  not  usually  ijossible  to  say  whether  any  one  individual  cell 
is  a  primitive  leucocyte  or  a  large  lymphocyte,  but  a  study  of  the 
whole  preparation,  as  a  rule,  clears  up  the  point. 

The  fact  that  eosinophil  islands  occur  in  the  thymus  has  already 
been  attributed  to  the  accidental  invasion  by  a  primitive  leucocyte 
with  a  wrong  or  at  least  a  non-lymphocyte-forming  propensity. 
Were  this  cell  a  common  element  in  the  circulating  blood,  such 
accidental  contingencies  might  be  more  common  (and  do  occur  in 
leucocythtemia). 

I  hold,  therefore,  that  the  circulating  large  lymphocyte  has  been 
developed  from  one  or  other  of  the  individuals  of  the  differentiated 
lymphocyte  group. 

The  primitive  leucocyte  remains  a  normal  constituent  of  the 
bone  marrow,  and  retains  its  potentialities  of  producing  all  the 
members  of  the  white  cell  group.  This  view  brings  the  history  of 
this  primitive  cell  into  close  analogy  with  that  of  the  megaloblast. 
The  primitive  megaloblast  is  at  an  early  stage  the  circulating  blood 
cell.  It  soon,  however,  gives  rise  to  the  erythi'oblasts,  and  later  their 
normoblast  progeny  which  supply  the  circulation,  while  the  megalo- 
blast line  is  continued  as  a  non-circulating  element.  ]\Iegaloblasts 
escape  into  the  circulation,  in  foetal  life  with  some  frequency  owing 
to  changes  in  the  marrow  reticulum  caused  by  cell  proliferation,  Ijut 
this  is  to  be  regarded  as  an  accidental  occurrence.  Any  '•  accident " 
(toxin,  etc.)  in  adult  life  causing  a  proliferation  of  the  megaloblast 
rather  than  its  normoblast  descendant  gives  rise  to  pernicious  ana'niia. 

The  Relationshvp  of  Leucocytes  to  Red  Cells. 
The  question  as  to  the  possible  origin  of  red  cells  from  leucocytes 
has  recently  been  fully  dealt  with  from  the  one  side,  in  a  paper  by 
Gulland  (1906),  which  has  been  commented  upon  from  the  other  side 
by  Pappenheim.  A  satisfactory  study  of  the  problem  would,  more- 
over, demand  a  much  wider  purview,  phylogenetic  and  pathological, 
than  that  of  our  present  material.  I  therefore  limit  myself  to  the 
indications  which  seem  to  be  aHbrdcd  l>y  the  present  embryological  data. 
Two  points  stand  out  clearly — 

1.  At  stage  2  cms.,  when  megaloblasts  are  actively  ])rolifevating 
in  the  circulation,  leucocytes  are  so  few  as  to  be  practically  non- 
existent, and  the  occasional  leucocytes  seen  later  show  no  evidence  of 
division. 

2.  At  stage  8  cms.,  when  leucocyte  ])roliferation  in  the  liver  has 
begun,  the  islands  of  erythroblasts  and  leucoblasts  are  definitely 
separate  in  position,  and  the  distinctness  of  their  identity  is  obvious, 
and   no   transitions   between    them   can   be   seen.      These   facts   argue 
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strongly  against  the  view  that  the  erythroblasts  are  derived  from  the 
primitive  leucocyte. 

As  regards  the  first  point,  I  admit  that  the  primitive  leucocj'te 
can  give  rise  to  a  cell  which  may  be  locally  or  temporarily  more 
prolific  than  itself,  e.g.  tlie  small  lymphocyte  as  seen  in  the  thymus 
and  spleen,  but  the  primitive  leucocytes  are  in  enormously  greater 
proportion  to  these  than  they  ever  are  to  the  erythroblasts,  and  by 
the  time  small  lymphocytes  are  proliferating  the  primitive  leucocytes 
are  in  active  mitosis. 

As  regards  the  second  consideration,  the  question  becomes  more 
difficult  as  development  proceeds,  because  the  cells  become  more 
densely  packed,  and  erythroblast  and  leucoblast  areas  encroach  on  each 
other.  There  is  no  doubt  that  cells  such  as  Pappenheim  has  described 
as  large  lymphocytes  with  megaloblast  nucleus,  etc.,  and  which  he 
regards  as  transitional  forms,  exist,  but  I  am  uot  prepared  to  admit 
that  they  are  transitional.  I  have  seldom  had  difficulty  in  assigning 
them,  in  respect  of  their  position  or  appearance,  to  either  the  leucocyte 
or  erytiiroblast  group,  and  in  accounting  for  departures  from  type  by 
phases  of  mitosis  or  the  age  of  particular  individual  cells. 

We  may  take  it  the  red  cells  and  white  cells  are  derived  from  a 
mesenchyme  cell.  Their  descent,  however,  proceeds  along  dilferent 
lines,  and  the  erythroblasts  have  been  proliferating  through  many 
generations  before  leucocyte  proliferation  begins.  The  leucocytes  are 
present  in  far  too  small  numbers  during  the  preceding  stages  to  give 
rise  to  the  large  numbers  which  subsequently  appear  in  tlie  liver,  and 
which  are  differentiated  from  mesenchyme  cells  of  a  younger  generatiou 
than  tliose  which  gave  rise  to  the  first  erythroblasts.  We  cannot 
therefore  trace  Ijack  red  cells  and  leucocytes  to  a  common  (large 
lymjihoid)  iiavcnt.  Their  closest  relationsliip  is  uot  brotlierhood,  but 
cousiiiship. 

Develupment  of  the  Giant  Cells. 

(iiant  cells  first  appear  in  the  liver,  and  are  found  there  at  stage 
3  cms.  They  are  found  in  the  spleen  at  6  cms.,  and  in  the  bone 
marrow  at  10  cms.  They  are  therefore  developed  in  these  various 
organs  just  after  leucoblastic  activity  has  been  established,  and  there 
is  no  difficulty  in  tracing  their  origin  from  tiie  primitive  leucocytes. 
This  view  is  in  accordance  with  that  of  Muir  and  Drummoud  (1893), 
Heinz  (1901),  and  more  recently  Hutchison  and  ]\Iiller  (1906),  who 
could  trace  the  transition  in  a  case  of  polycyth;cmia. 

Tlie  protoplasm  at  first  is  small  in  amount,  but  rapidly  increases, 
and  as  growth  occurs  the  bivsojjhil  protoplasm  turns  paler  and 
eventually  becomes  acidophil.  The  nucleus  becomes  indented,  lobed, 
and  convoluted,  and  finally  assumes  the  form  of  a  connected  series  of 
circularly  arranged  masses  of  chromatin,  often  forming  a  horseshoe 
shape  as  seen  on  section.     These  cells  are  never  nuillinucleated,  as 
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Hill  (1905)  has  leceutly  stated.  They  divide  by  mitosis.  The 
mitotic  figure's  are  usually  but  not  e.xelusively  multipolar.  I  am  not 
conviuced  that  amitotic  division  occurs,  although  it  has  been  figured 
by  many  observers.  I  have  never  seen  auy  appearance  that  would  in 
any  way  suggest  that  polymorphonuclear  leucocytes  and  other  varieties 
are  derived  from  a  portion  or  portions  of  the  giant  cell  containing 
one  or  more  nuclei,  as  has  been  recently  concluded  by  Walker  (1906). 
Any  form  of  cell  division  is  a  comparatively  rare  phenomenon 
among  the  giant  cells.  Degenerative  changes  are  common.  It  is 
therefore  probable  that  the  numbers  are  recruited  only  to  a  small 
extent  by  mitosis  of  giant  cells,  and  to  a  niucli  larger  extent  by  the 
growth  of  primitive  leucocytes. 

Function  of  the  Giant  Cells. 

This  is  largely  a  matter  of  speculation,  but  the  associations  of 
these  cells  may  indicate  the  directions  in  which  their  function  is  to 
be  sought. 

Two  facts  regarding  them  emerge  from  this  research.  ( I  )  They 
are  derived  from  tlie  primitive  leucocyte.  (2)  They  are  ^ictively 
phagocytic. 

Their  phagocytic  action  is  first  seen  in  the  liver  (at  stage  5  cms.), 
where  they  are  first  developed,  and  later  in  the  spleen  and  marrow. 
In  the  late  stages  of  intrauterine  life  their  numbers  diminish  in  the 
liver  and  spleen  and  increase  in  the  marrow.  The  increase  noted  in 
the  marrow  at  stage  46'5  is  not  associated  with  a  corresponding 
increase  in  phagocytosis.  The  majority  of  the  cells  taken  up  belong 
to  the  erythrocyte  series,  Init  leucocytes  are  also  seen.  Lengeman 
(1901)  describes  the  process  of  phagocytosis  on  the  part  of  giant  cells 
by  the  throwing  out  of  pseudopodia  which  encircle  the  smaller  cell. 
I  have  seen  numerous  examples  which  would  accord  with  this  \iew. 

Before  referring  to  some  of  the  theories  regarding  them,  some  of 
tlie  other  associations  of  the  giant  cells  may  be  mentioned.  They  are 
to  be  foimd  in  the  normal  red  marrow  of  at  least  all  the  common 
mammals.  They  are  absent  in  the  marrow  of  birds.  They  are 
present  in  the  adult  spleen  in  a  large  variety  of  animals.  They  have 
been  found  in  the  thymus  (Watney,  1882).  They  occur  in  the  liver 
and  spleen  in  some  cases  of  pernicious  anaemia,  Gulland  and  Goodall 
(1905), — and  in  the  course  of  a  research  on  niyelocytha?mia  now  in 
progress  they  have  been  met  with  in  lymph  glands,  and  in  one  case 
in  the  kidney.  In  these  c<ises  they  were  found  in  association  with 
centres  of  homogenetic  activity. 

Among  other  views  the  giant  cells  have  been  thought  U>  lauduce 
erythroblasts,  to  produce  leucocytes,  to  absorb  the  nuclei  of 
erythroblasts,  to  Ije  merely  the  products  of  certain  conditions  of 
nutrition.  Their  close  association  with  erythroblastic  areas  has  also 
suggested  that  they  are  in  some  way  concerned  with  the  claboratiou 
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of  hfeinoglobin,  and  Ciacci  and  Pizziui  (1905)  suppose  that  the  splenic 
giant  cells  have  an  influence  on  the  secretion  of  trypsinogeu.  None 
of  these  views  can  be  said  to  have  much  support  in  fact. 

On  the  other  hand,  their  phagocytic  property  is  obvious  during 
fcBtal  life,  but  this  function  is  not  so  active  in  the  later  stages,  and  is 
comparatively  inconspicuous  in  adult  life  when  the  cells  are  numerous 
in  the  marrow. 

In  view  of  their  origin  from  undifferentiated  leucocytes  the 
comparative  rarity  of  cell  division  and  the  comparative  frequency  of 
degenerated  forms,  I  consider  that  the  giant  cells  are  merely  the  oldest 
individual  form  of  primitive  leucocytes,  which  have  never  become 
differentiated,  which  have  failed  to  divide  at  an  early  stage,  and  only 
divide  at  a  late  stage  with  comparative  infrequency.  Their  functional 
role  in  adult  life  is  imimportant,  but  in  fretal  life  they  jilay  a  part  in 
taking  up  damaged  or  effete  cells.  This  function  is  at  first  a  fairly 
active  one,  but  it  diminishes  with  the  increasing  development  and 
activity  of  the  spleen  and  ha?molymph  glands,  l)ut  even  in  adult  life 
it  is  probably  not  altogether  dropped. 

SUMMARY. 

1.  In  fietal  sheep  measuring  from  0'6  to  1  cm.  luematogenesis 
consists  in  a  proliferation  of  hiemoglobiu-coutainiug  megaloblasts  in 
the  vessels  and  connective  tissues. 

2.  The  sequence  of  development  of  luumatogenctic  function  in  the 
various  situations  may  be  tabulated  as  follows : — 

2  cms.  ....     Erythroblastic  formation  in  the  liver. 

2  cms.  to  3  cms.  .         .         .     Occasional  lencocytes  in  the  liver. 

3  cms.  ....     Lencoblastic  formation  in  the  liver. 

3  cms.  ....     Giant-cell  formation  in  the  liver. 

4  cm.*,  to  5  cms.  .         .  Fairly    numerous     leucocytes     round    the 

thymus. 

.5  cm.*.  ....     Active     lymphocyte     production     in     the 

thymus. 

.5  cm.*,  to  10  cms.  .     Slight  erythrogenesis  and  leucogenesis  in 

marrow. 

6  cms.  to  10  cm.*.  .         .     Similar  cluuigcs  and  formation  of  Malpighian 

bodies  in  the  spleen. 

10  cms.  ....  Active  hiematogenests  with  giant  eel!  forma- 
tion in  spleen  and  marrow. 

.S.  Tiie  liver  is  tlie  most  important  lin'mogouetic  organ  (erythro- 
blastic and  lenciihlastic)  in  fa>tal  life,  and  no  diminution  in  the 
activity  of  its  luimogenetic  fuuctinu  occurs  till  near  the  end  of  intra- 
uterine life. 

4.  The  thymus  lynii)hocytes  are  derived  from  the  primitive 
leucocytes,  and  not  from  liy))ol)lastic  epithelium.  Lencocytes  arc 
numerous  in  the  liver  and  elsewhere  liefore  they  ap]iear  round  the 
thymu.s  epitlielium. 
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5.  The  genealogy  of  the  red  and  white  cells  and  tlieir  relationships 
to  each  other  are  as  follows : — 

(I  have  not  studied  the  transition  indicated  by  the  dotted  line.) 


MESENCHYME  CELL. 


0-6  to 

1  cm. 


Mesenchyme 

cell 


Primitive 

Leucocyte 


Mesaloblast 


Primitive  Leucocyte       Erythroblast 
(large  lymphoiJ  cell)       without  Hb. 

\ I 


Megalo- 
cyte 


Small  lym- 
phocyte 
I 

Large  lym- 
phocvte 

r 


Large 
mononuclear 


Trausi- 
tional 


Basophil  Eosinophil 

myelocyte  myelocyte 

I  .  I      . 

Basophil  Eosinophil 

polymorph  polymorph 


Megalo- 
last 


Neutrojihil 
myelocyte 

I 
Neutrophil 
polymorph 


ilegalocyte 


17  cms. 


Normo-        Normo- 
blast blast 
I 
Erythrocyte 

The  parent  forms  persist  after  the  appearance  of  their  more  differentiated  descendants. 

6.  The  giant  cells  are  derived  from  the  undifferentiated  primitive 
leucocytes,  and  represent  their  final  stage  when  they  fail  to  divide  or 
differentiate. 

7.  They  are  actively  phagocytic  towards  damaged  or  effete  blood 
cells  in  early  foetal  life.  This  function  afterwards  diminishes,  probably 
owing  to  the  increasing  development  of  the  spleen  and  hsmolymph 
'.glands. 


1.  Bascu 

2.  Bearp 
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DESCRIPTION  OF  PLATE  .\.\I. 

Fifi.     1. — Pi'iniitivc  iiiegaloblasts  from  lionil  of  iM-tiis,  1  cm. 

Fir;.     2.— Erythrolihists. 

Fio.     3. — Two  iiolychoniatopliil  (secondary)  inegalolilasts  and  a  normoblast. 

Fio.  4.— (1),  A  ]irimitivp  leucocyte  ;  (2)  (3)  (4)  (5)  (6)  stages  in  its  transition  to  become  a 
giant  cell  ;  (7),  a  pro-myelocyte ;  (8),  a  neutrophil  myelocyte ;  (9),  a 
polymorph  ;  (10),  an  eosinophil  myelocyte  ;  (11),  an  eosinophil  jiolymorph. 

I'"li:.     b. — Two  small  lymphocytes,  and  to  the  left  a  large  lymphocyte. 

(All  as  seen  in  section  st^iined  with  eosin  and  methylene-bluc.) 
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THE  NUMBERS,  PROPORTIONS,  AND  CHARACTERS 
OF  THE  RED  AND  WHITE  BLOOD  CORPUSCLES 
IN  CERTAIN  ANIMALS/ 

By  Alexander  Goodall,  M.D.,  r.E.C.P.Ecl.,  Lecturer  on  Physiology  in 
the  School  of  Medicine  of  the  Royal  Colleges,  and  Examiner  in 
Physiology  to  the  Royal  College  of  Physicians,  Edinburgh. 

From  the  Laboratory  of  the  Royal  College  of  Physicians,  Edinburgh. 

A  GREAT  many  observations  on  the  blood  of  the  various  domestic  and 
commonly  used  laboratory  animals  are  to  be  found  scattered  through- 
out the  magazines,  but  no  very  exhaustive  account  has  yet  been 
published.  The  following  data  are  derived  from  my  own  observations 
and  from  various  sources. 

Blood  counts  in  laboratory  animals  are  apt  to  vary  considerably  from 
different  causes.  The  differences  are  sometimes  due  to  individual  peculiarity 
or  to  differences  in  age,  feedinj;,  or  environment,  and  it  should  be  remembered 
that  anremia  and  parasitic  conditions  are  common  and  may  modify  the  blood. 

Table  I. 
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Sheep 
Goat 
Pi'.l 

Do.1 


Burnett. 
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Mediziucesci. 

Burnett. 


Giltner. 
Author. 
Burnett. 
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7,500,000 

90 

10,000 

60 

35 

4 

1 

8,068,000 

73 

6,433 

37-5 

68 

2-5 

2-5 

10,000 

32-60 

34-69 

2-6 

0-2 

6,500,000 

60 

8,000 

30 

55 

14 

1 

10,000,000 

7,500 

38 

60 

1-5 

0-2 

14,000,000 

12,000 

7,000,000 

13,000 

39 

55 

5 

1 

8,450,000 

8S 

19,000 

37 

56 

6-2 

1-3 

5,599,000 

90 

19,500 

63 

SO 

7 

6,500,000 

10,000 

63 

25 

12 

'  Received  June  21,  1909. 
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Table  I. — Continued. 


Animal. 

Observer. 

3  5 

ill 

a 

P. 

1 
1 " 

Is 

1 

o 

Cat       . 

1  Author. 

8,000,000 

70 

18,000 

54 

37 

9 

.. 

Burnett. 

8,000,000 

13,000 

55 

40 

5 

"         •         ■ 

Buscli  and  v. 
'       Bergen. 

6,609,000 

13,330 

60 

39 

0-9 

BaUit  . 

Author. 

5,160,000 

74 

10,500 

43 

52 

2-5 

2-5 

..        •         ■ 

Burnett. 

5,500,000 

74 

8,500 

47 

48 

3 

2 

Chiinca-pig    . 

Author. 

5,600,000 

100 

9,170 

37 

60 

3 

.. 

Burnett. 

5,500,000 

9,000 

47 

50 

2 

1 

Rat 

Author. 

8,100,000 

110 

10,600 

28 

68 

3 

1 

'  Mouse  . 

,, 

10,850,000 

90 

5,000 

23 

71 

5-75 

0'25 

Llama  . 

Biffi. 

11,546,600 

10,741 

75 

22-8 

1-5 

Hedrjchorj 

Author. 

8,800,000 

8,500 

37 

56 

6 

1 

Foxvl     . 

„ 

3,200,000 

19,000 

37 

56 

6 

1 

„ 

Burnett. 

3,000,000 

25,000 

27 

65 

5 

3 

Frog     . 

Author. 

500,000 

11,000 

7 

59 

27 

7 

Skate    . 

[  Fraser  Harris. 

350,000 

27,500 

In  the  case  of  the  more  commonly  used  laboratory  animals  it  may  be  of 
interest  to  state  the  extremes  which  I  have  found  in  healthy  conditions. 
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75 
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78 

20 

2 

Cat 

8,600,000 

80 
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74 

20 
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65 
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40 

56 

4 
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5,760,000 

90 
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50 

48 

1 

1 



4,660,000 

70 
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32 

62 

4 
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Ouinca-piij     .... 

6,880,000 
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21 

71 

8 

■         • 

4,800,000      90 

62 
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6 
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The  number  of  white  cells  in  guinea  pigs  seems  to  increase  with  the  age 
of  the  animal,  as  the  following  table  indicates  : — 


Table  III. 


I 

II. 

[IL 

IV. 

"Weight 
in  grms. 

Leucocytes 
per  c.nim. 

Weight. 

Leucocytes. 

Weight. 

Leucocytes. 

W^eight. 

Leucocytes. 

110 

7,400 

230 

8,400 

320 

11,200 

450 

8,800 

140 

11,640 

230 

8000 

325 

8,200 

460 

15,400 

150 

3,000 

260 

6,400 

335 

6,600 

480 

5,800 

155 

12,400 

285 

6,600 

390 

14,000 

530 

10,400 

160 

7,800 

290 

9,000 

380 

10,200 

570 

14,800 

170 

2,400 

395 

5,600 

670 

9,600 

170 

2,600 

675 

16,400 

175 

8,800 

680 

20,400 

185 

2,800 

790 

17,000 

Average  . 

6,537 

7,680 

9,300 

13,177 

Horse  and  Ass. — Eed  corpuscles  measure  5-5/it.  The  polymorph  nuclei 
show  an  unusual  degree  of  lobulation.  The  neutrophil  gi'anules  are  very  fine. 
The  eosinophil  granules  are  spherical  or  ovoid  and  are  very  large. 

Ox. — Red  corpuscles  measure  5'6.  General  morphology  does  not  differ 
greatly  from  that  of  human  blood. 

Sheep  and  Goat. — Red  corpuscles  measure  5  and  4'1/x  respectively.  The 
neutrophil  granules  are  closer  together  and  are  very  much  smaller  than  in 
human  polymorphs. 

Pig. — Red  corpuscles  5-6jn.  (S-S/i.  Giltner;  6-2  Glitig).  Neutrophil 
granules  are  very  fine. 

Dor/. — Diameter  of  red  cells  Tyu.  The  protoplasm  of  the  polymorphs  has 
ii  slight  neutrophil  reaction,  and  prolonged  staining  is  required  to  demonstrate 
distinct  granules.  The  eosinophils  have  not  such  a  special  affinity  for  eosine 
as  for  orange.     Mast  cells  are  very  rare. 

Cat. — Red  corpuscles  6-5jLt.  Granules  are  present  in  the  polymorphs,  but 
they  are  exceedingly  fine  and  very  difficult  to  demonstrate.  Prolonged 
staining  is  reijuired  (Leishman,  half  an  hour).  The  protoplasm  tends  to 
stain  diffusely  in  the  same  tint  as  the  granules.  The  eosinophils  have  large 
ovoid  granules.     Basophils  are  found  in  very  small  numbers. 

Eabhit. — The  red  cells  are  poor  in  haemoglobin  and  look  auipmic.  Average 
diameter  6-.5/J.  The  polymorphs  contain  largo  amphophil  granules  (pseudo 
eosinophils).  There  are  also  true  eosinophils  with  more  densely  paokeil 
granules.  Mast  cells  are  relatively  abundant.  Wild  rabbits  generally  give 
higher  counts,  esjiecially  of  red  cells,  than  do  the  domestic  variety. 

Gninea-piij. — Red  corpuscles  measure  7-5/x.  The  polymorphs  contain 
large  amiihophil  (pseudo-eosinophil)  granules.  The  eosinophil  granules 
resemble  those  of  man  but  they  are  divisible  into  two  groups  which  have 
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somewhat  different  affinities  for  dye  stuffs.  In  many  of  the  large  lymphocytes 
there  are  large  vacuoles  which  may  he  empty,  but  which  generally  contain  a 
homogeneous  structure  which  stains  in  the  tone  of  the  neutrophil  granules. 
These  are  known  as  "  Kurloff's  bodies."  They  probably  consist  of  a  cellular 
secretion,  but  have  been  thought  to  be  parasites. 

Rat. — The  diameter  of  the  red  cells  averages  5'8/i.  The  polj-morphs 
contain  rather  scanty  and  fairly  large  granules.  jNIany  of  both  polymorphs 
and  eosinophils  have  ring-shaped  nuclei. 

White  mouse. — Red  corpuscles  measure  5'6ju,.  The  lymphocytes  are  mostly 
large,  with  relatively  large  nucleus  and  faintly  basophil  protoplasm,  whicli 
contains  a  good  many  azurophil  granules.  The  polj^morphs  are  usually  stated 
to  be  non-granular,  but  it  is  possible  with  prolonged  staining  to  demonstrate 
fine  and  very  scanty  neutrophil  granules.  These  cells  are  very  labile.  In 
the  eosinophils  the  granules  are  often  scanty  and  may  be  arranged  in  patches. 
Ring-shaped  nuclei  occur,  and  unless  films  are  carefully  spread  the  poly- 
morphs, whose  granules  are  often  unstained,  may  be  mistaken  for  lymphocyte.?. 

Hedcjeliog. — Red  cells  measure  about  4'5/i.  The  fine  basophil  granulation 
of  the  lymphocytes  is  very  distinct.  The  polymorphs  have  distinct  granules. 
There  are  about  1  per  cent,  of  basophil  myelocytes.  The  granules  in  some  of 
them  are  very  large. 

Fmd. — The  great  majority  of  the  red  cells  are  oval  and  nucleated  with  a 
long  diameter  of  1 1  •2/j,.  A  few,  however,  are  round,  and  in  tliese  the  nucleus 
shows  a  wider  chromatin  network.  These  cells  correspond  to  the  large  nucle- 
ated red  cells  of  mammalian  blood,  and  are  probably  younger  cells  than  those 
with  oval  nuclei.  Even  earlier  forms  are  found  in  the  circulation.  These  are 
oval,  nucleated,  but  non-haemoglobin,  containing  corpuscles.  They  are  usually 
smaller  than  the  ordinary  forms.  They  are  the  youngest  type  of  cell. 
Again,  a  few  old  cells  are  to  be  found  whose  nuclei  have  disappeared.  The 
white  cells  are  peculiar.  There  are  lymphocytes  and  eosinophils  resembling 
those  of  mammalian  blood.  There  are  no  ordinary  neutrophils.  Their  place 
is  taken  by  polymorpho-nuclear,  cells,  who.se  protoplasm  contains  a  large 
number  of  rod-shaped  crystalline  bodies  with  a  marked  affinity  for  eosin. 
Basophils  are  present  in  considerable  numbers. 

They  are  myelocytes  with  a  relatively  small,  pale  nucleus  and  a  pale  pro- 
toplasm, in  which  the  scanty  basophil  granules  varying  in  size  are  to  be 
seen.  Blood  plates  are  absent.  Small  lipoid  bodies  (hsemoconia)  are  to  be 
found  in  small  numbers. 

htori. — Tlie  red  cells  have  to  .some  extent  the  same  general  characters  as 
those  of  the  fowl.  Tiio  typical  cell  is  flattened,  oval,  and  biconvex,  with  a 
thickened  equatorial  area.  There  is  an  oval  nucleus.  The  long  diameter 
measures  22^.  Young  forms  are  also  found.  These  are  small,  oval  cells  with- 
out ha!nioglobin,  and  round  hnemoglobin,  containing  cells  with  the  megaloblastic 
type  of  nucleus.  Non-nucleatod  forms  occur  with  rather  greater  frequency 
than  in  the  fowl.  The  white  cells  are  lymphocytes,  polymorphs  often  with 
fragmented  nuclei  and  without  granules,  eosinophils,  and  basophil  myelocytes. 
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MEXDELIAX  ACTION  ON  DIFFERENTIATED  SEX.  By  I).  Bekrv 
Hart,  ^I.D.,  F.R.C.P.E.,  etc.,  Lecturer  on  Midwifery,  Surgeons'  Hall, 
Edinburgh  ;  Hon.  Felloiv,  American  Gyncecological  Society  ; 
Carnegie  Research  Fellow.  {From  the  Luboi'atory  of  the  Royal 
College  of  Physicians,  Edinburgh.) 

Introductory. — The  question  of  tlie  action  of  ilendelism  in  the  formation 
of  the  human  genital  tract  and  on  sex  is  a  difficult  and  intricate  one,  and 
I  am  therefore  anxious  to  present  my  %'ie\vs  clearly  and  succinctly.  This 
will  best  be  done  by  my  gi%ing  nij^  reasons  for  using  Mendelisni  in  this 
in([uiiy,  by  defining  Mendelisni  in  its  elementary  aspects,  by  stating  the 
theses  I  hope  to  prove,  and  then  going  on  to  the  proof  and  the  results  I 
believe  I  have  arrived  at. 

It  is  u.sually  said  that  Mendelisni  does  not  applj'  in  normal  human 
development,  although  Bryce  has  given  a  sketch  of  it  in  his  Embryology. 
There  is,  however,  a  well-known  fact  in  genital  anatomy  which  seems  to 
uie  to  be  a  clue,  and  to  indicate  that  Mendelisni  is  at  the  basis  of  fertilisation 
and  development  in  man — the  clue  being  that  in  the  genital  tract  of  the 
liuman  female  and  male  there  are  characteristic  sex-organs  fully  developed, 
and  also  traces  in  each  of  those  of  the  opposite  sex. 

This  suggested  the  dominant  and  recessive  gametes  and  the  dominant 
and  recessive  condition  ilendelism  describes  in  plants,  and  I  therefore  began 
an  iii(|uiry  into  the  feasibility  of  applying  Mendelisni  in  relation  to  the 
development  of  the  human  genital  tract  and  in  its  action  on  sex.  It  is 
certainly  remarkable  that  in  the  human  female  genital  tract  there  should  be 
the  epoophoron  and  its  duct,  the  analogue  of  the  epididymis  in  the  male : 
and  in  the  male  an  appendix  testis  and  prostatic  utricle,  the  analogues  of  tlie 
tiiiibriated  end  of  the  Fallopian  tube  and  hymen  of  the  human  female.  I 
had  hitlierto  considered  these  relics  as  pointing  to  a  past  hermaplnodite  con- 
dition of  the  organism  only,  but  I  hope  to  .sliow  they  mean  more  than  this, 
and  that  they  express  conditions  under  wliich  Mendelian  action '  can  take 
place  and  be  apparent  when  sex  has  differentiated. 

•  The  fact  that  when,  with  Indian  corn,  a  tross  of  white  by  yellow  iii  ci-os3e<l  with  a 
white  the  result  is  .'iO  per  cent,  yellow  grains  and  50  jwr  cent,  white,  seems  sugjiestive 
of  the  eiinality  of  the  .sexes.  I  have  not  Iieen  able  to  apply  this  fact  in  this  re-^eaicli,  but 
Professor  Bate.son  thinks  it  important. 
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Mendelism  in  its  Elements. — I  must  therefore,  in  the  first  place,  briefly 
state  what  Mendelism,  in  its  elementary  aspects,  is. 

The  work  of  the  now  famous  Pralat  of  Briinn  (1822-1884)  was  an  ex- 
perimental research  into  the  results  obtained  by  crossing  varieties  of  the 
eating-pea,  possessing  respectively  distinct  and  easily  recognisable  char- 
acters, such  as  end  position  and  lateral  position  of  the  flowers,  greenness 
and  yellowness  in  the  peas,  tallness  and  dwarfness  in  the  plants,  and 
so  on.  These  varieties  bred  true  to  their  special  characteristic  when 
self-fertilisation,  their  natural  method  of  pi'opagation,  was  allowed,  and 
they  could  be  artificially  fertilised  in  a  well-known  way  which  I  need 
not  detail. 

The  following  is  a  brief  statement  of  the  elements  of  Mendelism,  so  far 
as  it  bears  on  the  present  inquiry : — 

When  the  pollen  of  a  pea-plant  with  the  unit-character  of  tallne.ss'  is 
applied  with  suitable  precautions  to  the  stigma  of  a  dwarf  pea-plant,  the 
result  of  sowing  the  peas  ultimatelj'  produced  by  this  cross-fertili.sation 
is  a  generation  F^  of  plants,  all  tall.  The  same  happens  if  the  pollen 
is  taken  from  a  dwarf  plant  and  applied  to  the  stigma  of  a  tall  pea- 
plant. 

Mendel  expre.s.sed  tiiis  by  saying  that  tallness  is  dominant  and  dwarfne.ss 
recessive. 

Thus,  F  D  X   R 

tall     dwarf 
II 
Fi  DR 

impure  tall. 

When  the  [il;uits  ill  F'  are  left  to  si'lf-fertilisatioii,  tln'ir  natural  mrtliod 
of  j)n)i)agati()n,  we  get  F-,  where  the  im])urc  tails  and  dwarfs  appear  in  the 
])roporti()n  of  .'}  :  I. 

The  dwarfs  now  breed  true,  and  tlir  tails  gi\e  piu'e  tails  to  impure  tails 
(as  shown  by  sowing)  in  the  ratio  nl'  I  :  2.  'I'lu'  following  schemes  give 
the.se  results  diagramiiiatieally  in  diti'crciit  ways: — 

'  See'  ]).  (ills  In  iniit-rliami-tor. 
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Scheme  I.  (I.  P.  Lots}^).i 

F^  4  D  Four  peas  from  a  pod   of  F' 

I      plants,  all  (impure)  tall  plants. 

F-  12  U  4R 


40  D  8R  10  R 


144  D  IGR  32  R  64  R 


544  D     32  R         (i4  R         128  R  25(i  R 

This  scheme  should  be  read  as  follows : — 

In  4  D  we  liave  four  peas  of  one  pod  of  F'  where  tiie  plants  were  all 
impure  tall.  These  four  peas  sown  gave  16  plants,  of  which  12  were  tall 
and  4  dwarf.  The  dwarf  Rs,  self-fertilised,  now  always  gave  dwarf  plants. 
The  proportion  of  D  to  R  is  always  3  to  1  (12  to  4  in  F'-^). 

This  is  further  explained  as  the  result  of  experiment ;  the  Ds  in  F',  wlieu 
sown,  gave  in  F^  pure  Ds  which  bred  true  to  tallness ;  imj)nre  Ds  which 
gave  impui-e  Ds  and  Rs,  3  to  1  (tails  to  dwarfs)  (Scheme  II.). 

The  impure  dominant  is  to  the  naked  eye  the  .same  as  the  pure  dominant, 
but  yet  gives  not  only  impure  Ds,  like  the  latter,  but  pure  Ds  and  pure  Rs. 
We  can,  therefoi'e,  put  this  more  clearly  in  the  following  table: — 

Srheine  II.  (I.  P.  Lotsy). 
Fi  4  DR 

\ 

F-'      4D  SDR  4R 


1«D        ,SD  10  DR  8K        10  R 


()4 1)       32  D       10  D  32  DR  10  R       32  H        04  R 


F5    250  D      128  1)      04  1)      32  D      04  DR      32  R      04  R       128  R     250  R 

'  4  D  means  4  seeds  or   jieas  in  one  jjod  of  the  F'  geiieration.     The  term  for  plaiiU 
fjiviiifj  the  tirsl  crossiiif;  i.s  P  ;  the  hybrids  F',  F-,  etc.     Each  jxkI  c.irned  four  pea.-;. 
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This  shows  that  D  is  to  DR  to  R  as  1 :  2  : 1. 

The  resulting  Ds  and  Rs  in  Schemes  I.  and  II.  are  universally  the  same : 
D  =  544,  R  =  480;  but  in  the  first  scheme  the  pure  Ds  and  impure  Ds  are 
not  sliown  separated. 

The  usual  explanation  of  this  is  that  tiie  unit-characters  oi'  tallness  and 
dwarf ness  are  pure  and  autonomous,  not  blendable ;  and  that,  in  1000  pollen- 
cells,  500  carry  tallness,  500  dwarfness:  the  ovules  have  also  500  with 
tallness  and  500  with  dwarfness.  Thus  the  gametes  are  double  for  each 
sex  of  the  hermaphrodite  pea,  and  as  each  has  an  equal  chance  of  union 
we  may  express  it  thus:  (D  +  R)(D  +  R)  =  D^  +  2  DR  +  R- ;  /.e.  D:2DR:R. 
the  sign  of  the  square  being  eliminated  numerically,  as  D-  means  the  square 
of  the  unit-character. 

Mendel  thus  established  that — 

1.  Unit-characters   in    plants,  in  this  case   tallness  and  dwarfness, 

(the  same  holds  good  for  animals  as  a  rule)  act  as  units,  i.e. 
independently,  and  do  not  blend.  Each  is  supposed  to  be  present 
pui'e  in  the  pollen  or  egg-cells,  and  in  equal  proportions  of 
them.  The  last  sentence  expresses  the  theory  of  gametic 
segregation. 

2.  By  dominance  one  or  more  characters  may  prevail  over,  or  appear 

to  suppress,  othei's  either  in  the  pea  or  in  the  plant.     Thus,  in 
F'  the  character  of  tallness  appears  to  dominate  that  of  dwarf- 
ness, the  recessive  element.     The  same  holds  good  for  yellow 
over  green  in  peas,  and  so  on.    The  i-ecessive  character  is,  I  hold, 
present  unaltered  in  the  gamete  determinants,  not  present  in 
the  plants.     F'  is  thus  made  up  of  impure  dominants,  but  the 
dominant  character  is  present  in  the  plant,  the  recessive  secluded 
in  the  gamete  (v.  p.  3()). 
;l.  When    F'    is  "selfed"   we    get    in    F-    tallness    and    dwarfness, 
3:1:   then    dwarfness    lireods  true,   but    thr   tails  are   impure, 
and   when    selfed  gi\('   \m\v  tails  to    inq)m-e    tails    to   dwarfs, 
as   1:2:1. 
4.  TIk^  test    of   a  \aii;itiun    proc-ccdiiig    on    .Mcndrlian    linrs  is  the 
sowing  of  seeds,  or  breeding  in  animals. 
Miiidil  thus  deduced  the  following  facts  or  laws  from  his  experiments: 

Dominance  and  Segregation,  which  he  explained  by  the  theory  of  gametic 

segregation.     The  explanatory  theory  of  gametic  segregation  seems  to  me 

doubtful,  but  I  reserve  the  di.scussion  of  it  to  the  end. 

McTidel's  supreme  merits  were  as  an  experimenter,  as  a  lucid  and  exact 

interpreter,  and,  finally,  as   one    who    made  an  exact  enumeration  of  his 

results  and  i-stalilislicd  rciiiarkiilile  ratios. 
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Having  thus  briefly  explained  Mendelisni  in  its  most  elementarj^  prin- 
ciples, I  now  go  on  to  state  in  anticipation  of  my  results,  certain  theses, 
Init  I  first  define  certain  terms  I  purpose  using. 

The  usual  terms  "  gamete  "  and  "  zygote  "  are  exceedingly  con\-enient, 
but  we  need  one  for  the  fully  developed  product  of  the  zygote- — ^a  general 
term,  in  fact,  for  "  child,"  puppy,  calf,  plant,  and  so  on.  The  term  I  propo.se 
is  "  holophyte." '  I  have  to  thank  a  classical  friend  for  the  sugge.stion  of 
the  term. 

Gamete  (thii  spermatozoon  or  the  ovum)  has  the  adjective  .sex  or  non-sex, 
female  or  male,  added  as  necessary. 

Zyijote  is  the  fertilised  ovum,  and  I  use  male  and  female  as  descriptive 
adjectives  here  too. 

Holophyte  -  is  the  fully  developed  organism,  and  may,  when  necessary, 
have  "  adult "  and  male  or  female  added.  The  embryo  may  be  termed 
Gametozoon. 

I  now  go  on  to  prove  the  following  theses  : — 

1.  The  human  fertilised  ovum  (zj'gote)  is  an  impure  dominant,  as 

in  F^  of  Mendel's  scheme. 

2.  The  spermatozoon  and    ovum  (the  gametes),  the   agents  of   fei'- 

tilisation,  are  of  two  types,  four  in  all  in  number,  and  une(|ual 
in  \alue  as  to  unit-characters.  Thus,  there  are  two  male 
gametes  of  unequal  value,  and  two  female  gametes  also  of 
vuiequal  value.  One  male  gamete  contains  the  male  sex- 
unit-character;  one  female  gamete  has  the  female  sex-unit- 
character.  We  may  thus  speak  of  a  male  sex  gamete  and  a 
male  non-sex  gamete ;  a  female  sex  gamete  and  a  female  non- 
sex  gamete. 
8.  What  we  term  "  fertilisation,"  giving  the  zygote,  is  a  crossing  or 
variation  either  of  a  male  sex  gamete  with  a  female  non-.sex 
gamete,  giving  a  zj^gote  developing  a  male  holophyte ;  or  a 
crossing  or  variation  of  a  female  sex  gamete  with  a  non-sex 
male  gamete,  giving  a  zygote  which  will  develop  into  a  female 
holophyte.  Thus  one  of  each  of  the  sex  gametes  contains,  infer 
«//(»,  the  "  determinants  "  for  the  charactei-istic  sex  of  the  zygote. 
What  unit  determinants  I  suppose  each  gamete  approximately 
to  have  comes  out  later  (see  p.  23). 

'  *ijt6v  means  a  plant  or  animal,  and  not  merely  a  plant  (Liddi'U  and  Scott). 

-  Bateson  {op.  cit.,  190!),  p.  16,  note)  says:  "In  botany  the  term  zygote  is  nsually 
restricted  to  the  single  cell  wfiicli  residts  from  the  process  of  fertilis;\tion,  but  by  a  natiir.il 
extension  the  word  may  lie  used  for  llie  individual  which  develops  by  somatic  divi.sions  from 
that  cell."  The  >ise  of  the  term  "  holojihyte  "  will  prevent  any  confusion  that  may  arise 
fi'om  this  extension  of  the  meanin.'  of  tlie  term  "  i'vgote." 
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I. — Tliv  Human  Zyijutc  is  an  Iniinire  Dominani,  cds  in  F'-  of 
Men  del' a  Scheme. 

This  I  prove  by  showing  that  the  adult  human  male  and  female 
genital  tracts  each  contains  elements  uneijual  in  value  and  function :  in  the 
male,  potent  male  and  non-potent  female  components ;  in  the  female,  potent 
female  and  non-potent  male  components.  The  potent  nia}'  be  considered  as 
dominant,  the  non-potent  as  recessive. 

In  a  paper  on  "  The  Xature  and  Cause  of  the  Physiological  Descent  of 
the  Testes,"  I  described  the  human  male  and  female  genital  tracts,  the 
mamma  and  Wolffian  bod}^  as  an  associated  anatomical  unit,  under  the 
term  of  the  male  and  female  urogenital  unit — for  shortness,  the  male  and 
female  genital  unit. 

I  must  now  analyse  the  components  of  each  of  the.so  units  as  accurately 
as  possible  in  regard  to  their  anatomical  development  and  functional 
activity,  and  show  that  they  contain  elements  (1)  practically  potent  and 
characteristic  of  the  special  sex,  (2)  non-potent  and  based  on  the  opposite 
sex-type,  and  (3)  potent  but  not  as  fully  developed  as  their  analogues  in 
the  opposite  .sex-type. 

I  begin  first  with  the  female  genital  unit.  This  consists  of  tiie  manuiia. 
Wolffian  body  and  duct,  ovarian  ligament,  round  ligament,  epoophoron 
(parovarium),  Mnllerian  ducts,  urinogenital  sinus,  and  external  genitals. 

The  minnnia  is  well  developed  and  potent.  It  is  normally  pectoral  and 
double.  Abnormalities  may  occur,  and  these  have  been  discussed  by  .several 
inve.stigators :  Leichtenstern,  Mitchell-Bruce,  Bland-Sutton,  Weidersheim, 
Bateson,  Hartung,  and  others.  In  early  pig-embryos,  lateral  mammai'y  ridges 
have  been  shown  to  exist  on  the  anterior  abdominal  surface,  the  "  milk-ridges"; 
these  are  beaded  and  disappear  after  a  time,  and  ai'e  not  the  A  nUuje  of  the 
permanent  teats.  These  milk-ridges  have  been  found  in  a  hinnan  female 
embryo  (1.5  mm.)  in  a  less  complete  condition.  They  were  most  marked 
above,  ran  caudally  for  lo  to  4  mm.,  and  only  slightly  backward.s.  They 
are  probably  pliylogenetically  related  to  the  epideiinis  lidge.s  on  the  anterior 
abdominal  wall,  in  the  lower  end  of  which,  as  1  have  sliown  in  the  Mar- 
supials, tlie  scrotum  develops.  In  relation  to  these  milk-ridges,  if  not  from 
them,  the  mammas  develoj).  .111(1  tliis  explains  supernumerary  teats  and 
maiinii.-e  in  tlic  human  male  and  rciiialc  These  have  been  found  in  the 
inguinal  region,  and  it  is  of  special  interest  to  note  that  a  labial  mannna  ha.s 
been  described  in  the  liuman  female  by  Hartung.  I  do  not  .sunnnari.se  our 
knowledge  (jn  tiiis  subject,  but  must  draw  attention  to  Dr  Florence  Sabin's 
account  of  the  development  of  the  superficial  lymphatics  in  the  anterior 
alMlominji!  wall  of  tlu'  ])ig-rmbryo,  where  she  shows  that   there  are   for  this 
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region  four  .sources  oi^  origin  of  the  lynipliatics,  from  veins  approximately 
at  tlie  extremities,  upper  and  lower,  of  tlie  "  mammary  line."  The  imjwrt- 
ance  of  this  lower  origin,  as  to  the  growtli  of  the  gubernaculuni  and  round 
ligament,  I  have  already  emphasised  in  a  j)revious  paper. 

In  the  human  female  holojjhyte,  then,  the  maiinna;  are  fully  developed, 
double  and  pectoral ;  they  are  potent,  that  is,  functional,  during  adult  life. 

The  W(>l{fi(iit.  body  has  di.sappeared  in  the  genital  unit,  but  has  left 
behind,  inter  (dia,  the  round  ligament  and  ovarian  ligament,  both  well 
marked  and  very  evident. 

The  ovarian  ligament  is  the  analogue  of  the  caudal  ligament  of  the 
testis,  and,  unlike  it,  persists,  i.e.  is  potent  or  evident,  and  probably  acts  in 
the  adult  female  as  a  ligament  of  the  ovary. 

The  round  ligament  is  the  analogue  and  homologue  of  the  developing 
"  gubernaculum  "  of  the  male.  Its  upper  end  is  at  the  junction  of  Fallopian 
tube  and  uterus,  and  has  the  uterine  attachment  of  the  ovarian  ligament 
opposite  it  and  on  the  other  side  of  the  tube.  It  is  a  persistent  part  in 
the  genital  tract,  and  corresponds  exactly  to  the  gubernaculum  while  the 
testes  and  Wolffian  bodies  are  in  the  abdomen  and  high  up,  and  the  in- 
guinal canal  has  been  developed  but  does  not  yet  contain  the  testes.  It  is 
thus,  to  put  it  shortly,  the  analogue  and  homologue  of  the  developing 
gubernaculum,  prior  to  testicular  descent.  It  does  not  go  on  to  complete 
development  or  involution  as  the  gubernaculum  does,  and  is  thus  semi- 
potent,  partially  developed. 

Between  the  layers  of  the  broad  ligament  in  the  .space  between  the 
ampulla  of  the  Fallopian  tube,  ovary,  and  ovarian  tindjria,  lies  a  structure,  nor- 
mally present  in  a  female  holophyte,  known  as  the  ejxxyphoron  or  parorarium. 
This  consists  of  a  .series  of  communicating  tubules  running  at  right  angles 
to  tiie  Fallopian  tube,  and  communicating  at  their  Fallopian  tube  ends  with 
a  longitudinal  duct.  The  latter  is  prolonged  as  a  single  tube,  and  ends  near 
the  junction  of  the  tube  and  ovarian  ligament  and  opposite  the  origin  of 
the  round  ligament.  These  parallel  tubules  correspond  to  the  epididymis 
of  the  male,  and  the  longitudinal  tube  to  the  duct  of  the  epididymis,  that 
part  of  the  vas  deferens  which  ends  at  the  globus  minor.  Where  the 
globus  minor  joins  the  straight  portion  of  the  vas,  the  gubernaculum  takes 
its  origin;  and  thus  the  permanent  portion  of  the  Wolffian  duet  between 
the  layers  of  the  broad  ligament  in  the  female  ecpials  the  duct  of  the 
epididymis.  The  epoophomn  and  duct  thus  i'i[viate  with  the  epididymis  and 
its  duct. 

The  epoophoron  and  its  duct  are  non-potent,  imperfect  in  de\ clopment 
and  structure,  and  the  analogues  of  potent  male  .sex  strncturos. 

The  rest  of  the  WollKan  duet  is  .said  not  to  be  represented  in  the  ftauale, 
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but  in  reality  is  so,  in  part.  I  have  sliown  tliat  tlie  Miillerian  ducts  form 
only  the  upper  two-thirds  of  the  adult  vagina,  that  the  lower  third  is 
formed  by  the  upper  part  of  the  urinogenital  sinus,  and  that  the  hymen 
is  formed  by  the  coalescence  and  breaking  down  at  the  third  and  a  half 
month  of  fcetal  life  of  two  epithelial  bulbs  (the  Wolffian  bulbs)  arising 
from  the  lower  ends  of  the  Wolffian  ducts,  which,  as  Kollmaini  has  shown 
in  the  human  embryo,  have  an  ectodermic  origin.  These,  and  an  active 
ingrowth  from  the  urinogenital  sinus,  make  the  hymeneal  entrance.  The 
double  bulbs  have  been  also  found  by  Dr  Wood-Jones,  and  in  a  i-ecent 
paper  on  the  development  of  the  hymen  in  the  white  rat,  Kempe  states 
that  the  hymen  is  not  formed  from  the  Miillerian  ducts,  but  from  an 
epithelial  mass  below  it.  The  summary  of  Ids  views,  as  given  in  Schwalbe's 
JahresbericJd  (xxi.  632),  is  as  follows :  "  Die  distalen  Enden  der  beiden 
Miillerschen  Gauge  werden  durch  eine  Epithelquerbriicke  vereinigt  und 
diese  Epitliel  Briicke  sieht  Kempe  als  etwas  selbstandiges  an,  und  zwar  als 
aus  der  Bodenlage  eines  ehemaligen  vaginal  Blindsackes  entstanden." 

The  special  point  to  be  noted,  then,  is  that  the  Wolffian  ducts  persist  at 
their  lower  ends  to  form  the  hymen.  The  Wolffian  bodj'  and  its  duct  are 
thus,  after  the  second  month,  non-potent. 

The  urhingi'nital  sinus  persists  in  tiie  female  in  its  lower  portion  as 
part  of  the  vagina,  with  the  exception  of  a  small  longitudinal  .section  form- 
ing part  of  the  in-ethra  :  the  upper  portion  of  the  urinogenital  sinus  completes 
the  urethra.  The  upper  segment  of  this  lower  pait  of  the  urinogenitiil  sinus 
makes  up  the  lower  third  of  the  vagina,  and  the  re.st  of  it  below  forms  the 
vestibule.  The  "  vestibule  "  runs  up  as  far  as  the  clitoris  in  front,  and  down  to 
the  fossa  navicularis,  where  tlie  lij-men  and  foiu'chette  blend.  It  pa.sses  later- 
ally to  the  basis  of  the  labia  minora.     The  urinogenital  sinus  is  thus  potent. 

The  lii})i(i  nvtjorfi  ai'e  separate  and  solid,  and  the  round  ligaments  end 
in  them.  The  labia  majora  correspond  to  an  early  arrested  stage  of  the 
scrotum,  and  arc  in  two  halves:  they  are  thus  potent,  but  incompletely 
developed  as  compared  with  the  scrotum. 

In  the  (/IdiiK  clifuridis,  irstibnlc,  uml  Inli'm  niimini  w(!  have  ])erniaii- 
ently  what  is  an  arrested  stage  in  the  male  and  what,  it'  it  persisted  in  the 
male,  would  be  termed  "  hj-pospadias. " 

The  ciirpus  s/xnii/iosuiii  is  represented  in  tlie  female  b^^  a  vertical  mesial 
ridge  in  the  vestil)ule.  Thus,  in  the  external  genitals  of  the  adult  female, 
the  jjliallus  is  represented  by  the  imperforate  glans,  the  j)repuce  is  defective, 
the  corpoi-a  caverno.sa  are  less  developed  than  in  the  male,  and  there  is  no 
e<|uivalent  to  the  prostate,  except  perhaps  Skene's  tubules. 

The  external  female  genitals  are  accordingly  potent,  but  le.ss  fully 
develiipfd    than    their  male  analogues.     They   form   really  a  link   between 
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potent  and  non-potent  elements,  resembling  the  latter  in  beinir  segnientally 
defective  but  diti'eiing  in  possessing  a  pei-fect  anatomical  structure. 

The  ovaries,  Fullopian  tubes,  uterus,  and  vaj/ina  are  fully  developed 
and  "  potent." 

An  adult  human  female  has  therefore  in  her  genital  unit: — 

1.  A  fully  developed,  evident  segment,  characteristic  of  her  .sex  :  it 
comprises  mammae,  ovaries,  ovarian  ligaments.  Fallopian  tubes, 
uterus,  vagina,  hymen,  urinogenital  sinus. 
2.'  A  part — viz.  the  round  ligament,  the  labia  majora  and  minora, 
and  the  glans — potent,  normal  in  structure,  less  fully  developed 
than  in  the  male,  but  always  analogous  to  a  definite  continuous 
segment  of  the  corresponding  male  organs. 
3.  A   part,  normally   present,  made  up    of   developmental    portions 
equivalent  to  corresponding  fully  developed  organs  in  the  male, 
but  less  perfect  in  structure  and  not  ecpially  functional :  these  com- 
prise the  epoophoron  iiiid  the  upper  portion  of  the  Wolffian  duct. 
It  must  be  noted  that  in  2  and  3  the  deficiently  developed  or  incomplete 
organs    are   all    precise   and    exact  in    their  anatomical   conditions.      Tlie 
epoophoron  corresponds  exactly  to   the   epididymis  and   the  duct    of   the 
epididymis ;  and  so  on,  as  I  have  already  indicated. 

I  may  therefore  sum  up  under  this  head  as  follows : — The  female  genital 
unit  has  elements  that  might  be  classified  as  "  potent  "  and  "  non-potent." 
The  "  potent  "  are  :  maminse,  ovaries,  ovarian  ligament,  tubes,  uterus,  vagina 
and  hymen,  urinogenital  sinus,  and  lower  end  of  Wolffian  ducts,  external 
genitals,  round  ligament ;  the  "  non-potent  "  are  :  epoophoron,  upper  segment 
of  Wolffian  duct. 

The  potent  hei-e  are  perfect  and  characteristic  of  the  female  sex ;  the 
non-potent  are  incomplete  and  less  developed  portions  of  the  "  male " 
"  dominant "  organs,  but  are  definite  portions  of  these.  The  potent  may  bo 
spoken  of  as  dominant,  the  non-potent  as  recessive. 

To  appearance,  then,  the  female  genital  unit  contivins  "  potent  '  organs, 
but  when  we  analyse  them  carefidly  we  find  a  part  only  potent :  another 
part,  well  defined,  but  much  less  developed — the  epoophoron  and  its  duct, 
generally  described  hitherto  as  developmental  debris,  or  as  a  phj'Iogenetie 
reminiscence  of  a  supposed  remote  hermaphrodite  phase  in  the  vertebi'atii, 
or  at  any  rate  in  the  invertebrates — is  accurately  termed  "non-potent"  or 
recessive,  is  a  less  dexeloped  male  clenicnt,  and  is  of  the  greatest  scientific 
importance. 

I  may  note  finally  under  this  head  that  the  potent  part  in  the  female 
genital  unit  is  less  fully  developed  than  in  the  corresponding  male  unit  • 
the  non-potent  elements  are  niori'  nunu'i'ous. 
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The  male  genital  wmi  lias  the  luainma  pectoral  and  double,  but,  compared 
with  that  of  tlie  female,  mucli  less  developed.  Mammary  repetitions  in 
man  are  less  marked  and  le.ss  abundant  than  in  the  female.  Tliey  do  not 
occur  below  the  navel,  and  there  never  lias  been  any  scrotal  teat  or  maunna 
described  corresponding  to  the  labial  inauiuia  of  Hartung.  The  scrotal  area 
is  none  the  less  a  manmiary  one. 

The  persistence  of  the  mamma  in  man  has  been  explained  by  supposing 
it  to  be  a  survival  of  the  time  when  the  male  aided  the  female  in  .suckling 
their  young.  This  may  be  so,  but  I  would  also  associate  its  permanence 
with  the  fact  that,  as  the  gubernaculum  is  persistent  and  unaltered  in  man, 
the  area  into  which  it  always  pa.sses,  a  mammary  area,  is  endued  with  a  like 
persistence.     The  mamma  in  the  male  is  "  non-potent,"  evidently. 

The  gubernacidum  in  the  male  joins  the  epidid3'mis  by  means  of  the 
caudal  ligament  of  the  testis,  and  has  thus,  at  first  at  any  rate,  no  dii-ect 
insertion  to  the  testis,  but  to  the  Wolffian  duct,  in  its  early  development. 
It  thus  connects  the  testis  indirectly  to  a  mammary  area,  and  in  this  way 
influences  the  descent  of  the  testes.  In  the  male  the  gubernaculum  is  a 
"  potent"  structure,  but  its  power  is  transient.  It  practically  disappears 
after  the  testis  is  lodged  in  the  scrotum.  It  thus  contrasts  with  the  round 
ligament  and  the  ovarian  ligament,  as  these  are  well  marked  and  permanent 
in  the  female.  The  gubernaculum,  however,  pa.sses  through  a  more  perfect 
development  and  function  than  the  round  ligament,  which  remains  at  a 
fixed  early  stage  of  its  development. 

The  gubernaculum  is  thus  a  "potent  '  but  transient  part  of  the  genital 
tract. 

The  ti'ufi's,  jihallits,  and  xrnitiiin  are  all  "  potent." 

The  'pro-sttdlc  iLrethm  is  derived  from  the  urinogenital  sinu.s.  On  its 
posterior  wall  the  prostatic  utricle  with  the  opening.s  of  the  vasa  deferentia 
can  be  seen,  and  it  most  probably  normally  represents  the  hymen  only.  5[y 
view  on  the  development  of  the  hymen  explains  this  exactly.  Just  as  the 
hymen  is  develcjped  from  the  lower  ends  of  ti>e  Wolffian  ducts,  so  is  the  male 
hymen  from  the  lower  ends  of  the  vasa  deferentia.  I  have  al.so  found  a 
bulb  of  epithelium  of  a  s(|uamous  vaginal  type  in  the  prost^ite  of  a  four 
months'  foetas,  lying  in  the  line  of  (lie  vas  deferen.s,  and  although  the 
various  stages  have  not  been  traced,  it  probably  is  concerned  with  the 
formation  of  the  prostatic  utricle.  The  prostatic  utricle  is  evidently  le.ss 
develo|)ed  than  its  analogue  the  hymen. 

The  pvodidc  in  the  male  is  well  dc\tlciped  and  potent  as  compared  with 
tlic  Skene's  tubules  of  the  female:  and  it  is  ailvisablo  to  consider  the 
prostatic  urethra  as  being  also  potent. 

The    iliiilx   ,,/   Miilhr   ,iir    rc'preseiited    in    the    male    by   a   trilling   part 
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corresponding  to  the  tinibi-iated  end  of  the  Fallopian  tube,  and,  as  a  rule,  in 
no  other  waj- :  and  the  latter  is  finally  the  appendix  testis  of  the  adult. 

The  ducts  of  Midler  and  the  hymen  are  thus  '"  non-potent "  in  the  male. 

There  are  some  trifiing  relics,  the  organ  of  Giraldes  or  paradidymis,  in 
the  male  to  be  noted  ;  they  are  Wolffian,  but  are  of  no  special  significance. 

In  the  male  and  female  genital  units  there  are  thus  potent  (dominant) 
and  non-potent  (recessive)  elements,  which  may  be  arranged  as  follows:  — 


Male  Potent  (Dominant): 

Testes. 

Phallus. 

Prostate  and  pro.static  urethra. 

Scrotum. 

Wolffian  ducts. 

Wolffian  bodies. 

Gubernaculum. 

Caudal  ligament  of  testis. 


Female  Potent  (Dominant): 
Ovaries. 

Ovarian  ligament. 
Round  ligament. 
Mlillerian  ducts. 
Urinogenital  sinus. 
Hymen. 
Mannna3. 
External  genitals. 

Female  Xon-jiiiteni  (Recessive): 


Male  Non-potent  (Recessive) : 
Mammje. 

Prostatic  utricle.'  Epoophoron    and    rest   of    Wi 

Fimbriated  ends  of  Fallopian  tubes.'  bodies.' 

Paradidj-mis. 


ilffiai 


I  have  not  discussed  the  question  as  to  whether  the  pi-onepliros  is 
represented  among  the  non-potent  elements  in  the  female.  I  ha\e  found 
its  traces  in  the  upper  end  of  the  Wolffian  bodj*  oi  a  four  to  five  weeks'  human 
embryo.  One  intei'esting  point  is,  however,  the  qiu'stion  as  to  whether  the 
duct  of  Miiller  is  not  the  representative  of  the  pronephric  duct.  'This  would 
make  it  analogous  to  the  vas  deferens  and  establish  an  interesting  analogy 
and  homology,  but  the  evidence  as  to  this  is  as  yet  incomplete.  Whatever 
is  the  correct  view,  it  does  not  afi'ect  the  general  siunuuirj-  of  recessive 
elements. 

When  I  began  this  ini|uirv.  I  first  classified  the  elements  in  the  genital 
tract  as  potent  and  non-potent,  and  then  as  dominant  and  rece.ssive :  this 
seemed  to  me  (juite  tenable.  I  also  thought  that  the  gametes  might  be 
considered  as  dominant  and  recessive,  each  with  the  dominant  or  recessive 
unit  determinants  only  (see  p.  31).  This,  however,  proved  to  be  untenable. 
and  I  therefore  speak  of  gametes  of  unequal  value.  The  reason  for  this 
will   be  seen   subse<iuently,  but  I  may  say  that  in  the  dominant  or  sex- 

'  T  select  these  as  the  typie.-il  recessive  elements  in  llieir  respective  genital  tracts. 
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gametes  I  hold  the  cliaracteristic  potent  and  non-potent  sex  determinants 
along  with  somatic  determinants  are  phiced,  and  that  in  the  other — the  m/ii- 
sex  gamete — no  sex  determinants  are  normally  represented,  only  certain 
somatic  ones.  This  view,  therefore,  is  not  in  agreement  with  the  Mendelian 
theory  of  gametic  segregation,  according  to  whicli  the  dominant  and 
recessive  elements  should  be  in  separate  gametes. 

I  now  go  on  to  aj^ply  Meudelism,  and  in  doing  so  to  use  in  part  Weis- 
mann's  terminology.  Weismann  has  clearly  shown  that  the  holophyte 
must  be  repi'esented  causally  and  exactly  in  the  zygote.  His  nomenclature 
is  most  convenient  and  precise.  In  the  zygote,  the  determinants — the 
causes — apparently  in  the  chromosomes,  are  related  to  the  determinates 
— their  results — in  the  holophyte,  causally.  I  do  not  use  all  Weismann's 
nomenclature,  as  this  is  unnecessary  in  tlie  present  connection.  Its  use  has 
been  satirised  as  a  "  portmanteau  theory  " :  you  get  out  what  you  put  in. 
I  have  not  found  it  so.  It  is  a  most  convenient  means  of  expressing  one's 
ideas  and  researches  on  these  points,  and  its  use  is  most  suggesti\-e  and 
leads  to  useful  extensions  of  knowledge.  Not  only  are  the  determinants 
and  determinates  related  causally,  but  we  may  speculate  further  and  say 
that  each  holophyte  cell,  a  microscopical  determinate,  contains  in  it  a  share 
of  the  determinants,  and  is  thus  the  "  biophor  "  of  Weismann,  inconceivably 
minute,  moulding  the  life  and  career  of  the  cell.  This  view  is  really  an 
inversion  of  Darwin's  pangenesis.  Darwin  supposed  that  each  body -cell 
gave  a  minute  determining  particle  of  itself— a  gemmuk' — to  the  germ-cell, 
a  genunule  of  determinate  to  the  determinant,  thus  making  acquired 
variations  tran.smi.ssible :  Weismann,  on  the  other  hand,  makes  tlie  biophor 
go  to  the  cell,  the  determinant  particle  to  the  determinate,  during  develop- 
ment, and  on  this  theory  acquired  peculiarities  are  not  transmissible — the 
correct  view,  so  far  as  our  knowledge  goe.s.  (See,  however.  Lotsy :  and 
Elmer's  Oiymiif  Erolutiini,  transl.  by  J.  T.  Cunningham.) 

Mendel  .suppcised  that  the  unit-characters  in  the  holophyte  were  repre- 
sented in  the  g.iiiictcs,  thus  anticipating  Weismann's  view,  and  1  there- 
fore speak  of  thr  uiiit-dcti'rniinates  in  the  liolophyte  and  of  tlie  uuit- 
detc^rminants  in  the  zygote  The  latter  are  autonomous,  however,  i.e. 
transmissible  only  as  such  ;  and  tliis  is  one  ol"  the  great  results  of  Mendel's 
ex))eriments. 

I  also  us(!  Weismann's  term,  Id,  as  meaning  the  aggregate  of  (uiit- 
deterniinants  in  tiie  zygote  necessary  for  the  determinates  of  tlie  holophyte. 

If,  then,  we  take  uj)  the  genital  unit  and  apply  Mendel's  and  Weismann's 
views  and  terminology  to  it,  we  may  say  that  the  male  and  female  holo- 
phj'to  are  made  U])  of  somatic  unit-determinates  and  genital  unit-deter- 
ininateH.     It  is  with  the  genital  nnit-deterniinates  I  .-im  now  concerned,  and 
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in  them  we  have,  according  to  the  views  already  expressed,  potent  and  non- 
potent  unit-determinates  as  well  as  less  fully  developed  yet  potent  ones. 
As  Nageli  and  Weismann  have  shown  that  what  is  in  the  holophyte  is 
repi'esented  in  the  zygote,  we  must  thus  have  in  the  zj^gote,  unit-deter- 
minants of  unequal  value  making  up  the  genital  unit-determinants.  I  do 
not  discuss  here  whether  the  somatic  determinants  can  be  so  divided ;  they 
most  probably  can,  but  it  does  not  make  any  difference  in  my  argument. 
The  presence  of  genital  unit-determinants,  potent  and  non-potent  (dominant 
and  recessive),  defined  and  limited  as  at  p.  28,  and  of  unequal  value  in  the 
zygote,  makes  it  an  impure  zygote  of  tlie  first  genei-ation  or  F^.  This 
being  the  ease,  I  go  on  to  discuss  the  application  of  Jlendel's  "gametic 
segregation  "  and  "  dominance  "  to  the  further  solution  of  the  question,  i.p. 
to  fix  how  the  "  gametes  "  produce  this  "  impure  dominant,"  so  far  as  their 
number  and  functional  powers  are  concerned. 

II. — TItc  Spernuitozoa  <ind  Oca,  the  (tycnls  in  fertifisntioii — the  male  and 
female  gametes — /  siippose  to  he  four  in  nnmher  in  all,  to  he  un- 
equal in  value;  i.e.  we  have  two  sper-matosoa  of  uneqiuil  unit- 
deternninant  vahie,  and  two  ova  of  uiiequal  determinant  value; 
only  one  of  each  contains  the  sex  determinants,  dominant  and 
recessive:  the  others  contain  only  somatic  determinants. 

The  human  zygote  is  the  result  of  the  union  of  the  male  and  female 
gametes.  How  may  these  produce  an  impure  dominant  zj'gote  ?  The 
usual  opinion  is  that  the  human  zygote  is  the  result  of  the  union  of  a 
cei'tain  portion  of  one  male  gamete,  the  male  pronucleus,  with  a  certain 
part  of  one  female  gamete,  the  female  pronucleus.  This,  howe\"er,  is 
generally  held  to  involve  the  result  that  we  get  a  zygote  which  is  at 
fir.st  "  bisexually ''  capable,  i.e.  male  and  female,  and  becomes  monosexual 
during  its  subsequent  and  early  development.  This  cannot  be  the  case,  as 
we  know,  iiiter  alia,  from  an  elementary  consideration  of  like-twins*  long 
ago  made  by  Schultze.  Like-twins  can  only  be  derived  from  a  male  or 
female  zygote,  as  is  clearly  .shown  in  conjoined  twins,  which  ai'e  always  of 

'  When  twins  are  of  dilferent  se.ves  they  rniiie  fi-cmi  two  zygotes.  C'onjoineil  twins  are 
iilway.s  of  the  same  sex  (Siamese  twins,  two-headed  nightingale,  etc.).  No  exception  to  this 
is  known.  Like-twins  (or  triplets  in  rare  cases)  are  ahnost  exactly  alike  and,  to  the  non- 
maternal  eye,  nndislingnishahle,  and  mnst  have  arisen  hy  a  primary  eipial  division  from 
one  /.ygdte.  Twins  of  tlie  Siime  .sex,  and  ditl'ering  as  ordinary  brothers  and  sisters  do,  arise 
from  dill'erent  zygotc.-i.  We  may  therefore  pnt  it  this  way  : — Twins  are  enzygotic  or 
duozygotie.  Like-twins  are  always  Knzygotic  ;  twins,  boy  and  girl,  are  always  Diiozygotic, 
hut  twins  of  the  same  sex,  and  dill'ering  as  ordinary  brothers  and  si.sters  do,  may  be  duo- 
zygotic.  The  enzygolir  lune,  of  course,  a  single  chorion  ;  the  duozygotic,  a  chorion  i-ound 
each  amniotic  cavity-  nuHiochorionic  and  dichorionic  twins  respectively. 
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the  same  sex.  Sex,  I  believe,  is  determined  and  mialterable  when  flu- 
zygote  is  fanned ;  no  change  is  possilile  as  to  sex  after  that,  and  all  tlie 
views  as  to  environment,  or  food,  or  emotion,  and  so  on,  in  determining  sex. 
are  irrevelant,  notwithstanding  the  current  views  as  to  the  production  of 
sex  in  certain  insects.  In  a  useful  summaiy  on  this  point,  Beard,  in  an 
able  paper  on  the  Determination  of  Sex,  has  shown  that,  in  many  inverte- 
brata,  the  spermatozoa  are  dimorphic,  and  that  ova  also  may  be  dimorpliic, 
although  fewer  instances  have  been  recorded.  In  man,  dimorphic  sperma- 
tozoa have  been  described  by  von  Widersperg.' 

Beard  considers  that  in  tiie  metazoa  there  are  "  three  sorts  of  functional 
gametes — spermatozoa,  male  eggs,  and  female  eggs.  A  fourtli  sort,  giving 
two  kinds  of  functional  elements  in  the  male,  only  appears  as  an  abortion, 
futile  or  useless  sport." 

To  produce  the  liuman  Iieterozygote  (or  impure  dominant),  two  varieties 
(this  word  is  exactly  correct,  as  we  shall  see)  of  male  gametes  and  two 
varieties  of  female  gametes  seem  necessary.  The  male  and  female  gametes 
must  be  of  uneijual  value  respectively,  and  one  only  of  each  sex  mu.st 
contain  the  potent  and  the  non-potent  sex-determinants.  In  tliis  way  we 
get  approximately  50  per  cent,  of  each  sex,  as  actually  liappens. 

Now,  I  further  suppose  that  in  fei'tiiisation  the  male  sex  gamete  unites 
with  the  female  non-sex  gamete  to  form  a  male  zygote;  while  the  male 
non-sex  gamete  would  unite  with  the  female  sex  gamete  to  form  a  female 
zygote.  The  male  zygote,  which  develops  into  the  male  holophyte,  thus 
has  the  determinants  of  the  male  genital  unit  (potent  male  and  non-potent 
female) ;  while  the  female  zygote  has  the  determinants  of  the  female  genital 
unit  (potent  female  and  non-potent  male).  Thus  the  male  holophyte  has 
potent  male  and  non-potent  female  elements  in  its  determinates,  and  the 
female  holophj-te  has  potent  female  and  non-potent  male  determinates  also. 

It  may  be  .said,  however,  why  may  not  a  sex  male  gamete  unite  with 
a  sex  female  gamete  '.  The  practical  answer  is  that  in  no  normal  or 
abnormal  human  liolophyte  hast  ever  both  potent  male  and  potent  female 
determinates  bc'en  di.scovered.  A  like  answer  can  be  given  to  a  supposed 
union  of  non-.sex  male  and  female  gametes.  A  theoretical  reply  to  the 
(lucstion  can  be  given,  but  this  I  do  not  take  up  at  present. 

\\  (■  now  see  why  we  ha\e  in  the  genital  tract  not  simple  potent  .sexual 
units,  liiii  rach  with  a  potent  element  proper  to  its  sex  and  a  non-potent 
eleiiirnt  representing  the  oppo.site  .sex.      It   ix  flii'   rcfiult-i'.rprefifiion    in   tin- 

'  M'CIuiij;  has  Unmd  tliat  in  cciiniii  insects  half  tlie  spcrins  have  an  accessory  chromo- 
some and  half  are  without,  it.  Tliose  which  liave  the  acce.«.sory  Wly  give  with  the  ovum 
females.  Thns  the  rliioMio.«ome.s  in  the  sperm-cell  are  cither  n  or  n  -1,  those  in  the  femnh" 
cells  n,  so  far  as  is  yet  known. 
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detenninates  of  tlie  holophyte  of  the  iineqmdly  allotted  determinants  in 
the  gametes  crossing  or  fertilising,  the  potent  and  non-potent  behaving  as 
conjoined  dominant  and  recessive  elements. 

We  have  now  to  consider  the  clianges  in  the  germ-cells  and  sperm-cells 
prior  to  the  formation  of  the  gametes,  and  this  raises  the  fundamental 
question  of  the  origin  of  these. 

It  has  now  been  shown  in  regard  to  the  former  in  a  lai-ge  number  of 
species,  although  by  no  means  generally  accepted,  that  the  primitive  germ- 
cells  are  not  somatic  in  their  origin,  ('.('.  do  not  in  mammals  arise 
from  the  germ-epithelium.  They  are  really  set  apart  first  as  the  primitive 
germ-cell  mass  in  the  earliest  division  of  the  zygote  for  the  purpose  of 
carrying  on  the  "  stirp  "  or  "  strain  "  of  the  future  generations.  Thej^  are 
not  modified,  so  far  as  we  know,  by  the  subsequent  body-changes  in  any 
way.  The  body  or  "  soma  "  is  their  trustee,  as  Galton  put  it,  and  cannot 
"intromit,"  as  Scottish  lawyers  say,  with  the  germ-cell  estate.  The  genn- 
cells  are  entailed,  to  varj'^  the  simile,  but  not  the  somatic  ones.  This  fact 
of  the  setting  apart  of  the  primitive  germ-cells  for  the  production  of 
gametes  and  their  continuity  I  shall  term  the  "  Owen-Weismann  "  law,  for 
the  following  reasons.  Owen,  in  1849,  stated  that  "  not  all  the  pi-ogeny 
of  the  primary  impregnated  germ-cells  are  required  for  the  formation  of 
the  body  in  all  animals:  certain  of  the  derivative  germ-cells  may  remain 
unclianged  and  become  inchuled  in  fluid  body  ivhich  has  been  composed  of 
their  metamorphosed  and  diversely  combined  or  confluent  brethren :  so 
included,  any  derivative  germ-cell,  or  the  nticleus  of  such,  may  commence 
and  repeat  the  same  processes  of  growth  by  imbibition  and  of  propagation 
by  spontaneous  fission  as  those  to  which  itself  oived  origin  ;  followed  by 
metamorphoses  or  combinations  of  the  germ-masses  so  produced  which 
concur  to  the  development  of  another  individual  in  which  the  secondary- 
germ-cell  or  germ-mass  was  included  "  {op.  cit.,  pp.  o  and  0).  Although  he 
afterwards  withdrew  this  view,  he  still  retains  the  credit  of  the  great  fact. 
Since  then  many  notable  workers — Eigenmann,  Galton,  Weismann,  Jiiger, 
Rauber,  Boveri,  Nussbaum,  Balbiani,  Beard,  and  others — have  elaborated 
this  observation  in  great  detail,  and  Weismann  has  founded  his  theory  of 
the  continuity  of  the  germ-plasm.  This  is  best  illustrated  by  a  quotation 
from  Weismann's  great  Apologia  pro  opere  suo:  "This  splitting  up  of  the 
substance  of  the  ovum  into  a  somatic  half  which  directs  the  development  of 
the  individual,  and  a  propagative  half  which  reaches  the  germ-cells  and 
there  I'emains  inactive,  and  later  gives  ri.se  to  the  succeeding  generation, 
constitutes  the  theorj'  of  the  continuity  of  the  germ-plasma,  whicli  I  first 
stated  in  a  work  which  appeared  in  the  year  1S85"  {The  Krohiliou 
Tlii'iiry.  Tlidiiison's  transl,-iti(m.  \iil.  i.  p.  41  ]). 
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Balbiani's  description  of  what  happens  as  to  this  point  in  the  well- 
known  i\y,  Chironoinus,  is  very  clear: — "Before  the  segmentation  of  the 
egg  had  at  all  advanced,  before  what  enibryologists  had  called  the 
blastoderm  was  more  than  incipient,  two  cells  were  observed  to  be  set 
apart  externally  (these  had  nothing  to  do  with  the  polar  bodies  seen  in 
most  ova  at  the  maturation).  The  development  proceeded  apace,  but  tlie 
isolated  cells  took  no  share  :  they  may  be  presumed  to  have  retained  intact 
the  characters  which  tliey  received  when  first  divided  off  from  the  ovum. 
At  a  certain  stage,  however,  the  isolated  cells  sank  inwards,  took  up  an 
internal  position,  became  the  rudiments  of  the  reproductive  organs.  Here 
tlien,  at  an  early  stage,  before  differentiation  is  marked,  the  repi'oductive 
cells  are  set  apart.  They  must,  therefore,  preserve  mucli  of  the  character 
of  the  parent  ovum,  and  hand  on  the  tradition  intact  by  continiious  cell 
generation  to  the  next  generation"  (quoted  in  Ernlutidn  of  Sex,  revised 
edition,  Geddes  and  Thomson,  p.  98). 

Beard  especially  lias  worked  out  this  earl}'  zygotic  origin  of  tlie  germ- 
cell  mass,  and  the  continuity  of  the  germ-cells,  with  great  care  in  ins  valu- 
able papers.  I  cannot  give  details  of  liis  many  researches,  but  the  following 
gives  tiie  parts  bearing  on  the  present  inquiry.  Beard  has  sliown  tliat 
"  on  taking  an  earlj'  Elasmobranch  embryo  and  staining  this  witli  certain 
reagents  (osmic  acid  or  Heidenliain's  iron  haematoxylin)  the  germ-cells 
within  it  are  rendered  so  prominent  that  one  can  even  count  them.  These 
germ-cells  are  seen  to  be  cells  of  large  size,  abont  02  mm.,  whereas  the 
largest  somatic  cells  do  not  exceed  0"012  to  0()I4  nun.  Their  products 
when  they  do  divide  are  termed  secondary  germcelis.  .  .  .  From  the 
counting  and  tabulation  two  results  among  others  .stand  out  prominently. 
These  are  tliat  the  number  of  primary  germ-cells  is  a  const;int  (|uantity 
for  the  species,  and  that  during  long  periods  of  the  development — in 
Priyliuriis  in  embryos  from  4  nun.  to  "20  nnn.,  in  R((j((  from  (i  nun.  to  42 
]\\]n. — no  single  embryo  has  ever  all  its  germ-cells  in  the  normal  position.  .  .  . 
This  is  ceitain.  that  is  to  say,  it  can  be  established  that  the  germ-celis  arise 
before  there  is  any  embryo,  and  that  on  its  foi-mation  they  migrate  into 
it  along  the  connection  between  embryo  and  yolk-sac,  the  yolk-stjilk.  .  .  . 
Owing  to  these  migrations  from  the  yolk-.sac  and  blastoderm,  it  never 
happens  that  all  the  gerni-cills  (ind  their  way  into  the  normal  position, 
the  germinal  nidus  or  its  future  siti'.  Thus  sonu-times  they  may  he  found 
in  the  head,  head  .somites,  lir.iiii,  and  gill  region,  the  skin,  the  trunk  or 
head,  the  ])ericai-dium,  tlie  li\i  r,  tlic  body  cavity,  etc." 

The  significance  of  the  parts  of  these  observations  ;is  to  teratomata 
will  111'  considered  afterwards. 

;\n  olijeclion  sometimes  taken  is  that  tlu'  Ow.n- Wrisnuiini  law   has  not 
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been  demonstrated  in  human  development.  It  must  be  admitted  that  the 
evidence  is  as  yet  of  the  scantiest,  but  this  is  due  to  the  ditHculty  of  obtain- 
ing specimens.  It  is  satisfactory  to  know,  liowever,  that  a  beginning  has 
been  made,  as  Ingalls  has  demonstrated  and  figured,  in  a  4-9  mm.  human 
embiyo,  primitive  germ-cells,  in  or  below  the  ccelomic  epithelium,  near  the 
root  of  the  mesentery  and  on  the  mesial  side  of  the  Wolffian  fold  in  the 
region  of  the  first  five  rump-segments.  ("  In  oder  unter  dem  Coelomepithel 
nahe  der  Wurzel  des  Mesenteriums  auf  der  medialen  Seite  der  Urniereufalte, 
finden  sich  im  Gebiet  der  ersten  fiinf  Rumpsegmente  mehrere  grosse  als 
Urgeschlecht.szellen  zu  bezeichnende  Zellen,"  op.  cif.,  S.  547.) 

The  z^-gote  is  formed  by  the  crossing  of  a  male  sex  gamete  with  a  non- 
sex  female  gamete,  or  by  that  of  a  female  sex  gamete  with  a  non-sex  male 
gamete,  in  both  cases  the  crossing  gametes  being  of  unequal  value.^  Thus 
formed,  it  first  divides  into  two  parts.  Each  of  these  is  a  zj^gote,  but  tiie 
one  is  the  primitive  germ-cell  mass,  from  which  the  primitive  germ-cells 
will  arise  and  then  the  gametes.  I  have  already  spoken  of  the  determinants 
of  the  zygote  and  the  determinates  of  the  holophyte,  related  as  cause  and 
effect,  and  I  now  wish  to  use  another  term  of  Weismann,  viz.  the  Id,  and  to 
repeat  its  definition  (p.  14)  as  the  group  of  determinants  necessary-  for 
producing  the  determinates  of  a  holophj'te. 

These  two  parts  of  the  zygote  are  essentially  the  same,  but  there  is  a 
difference.  The  primitive  germ-cell  mass  necessarily  contains  thousands  of 
Ids,  but  the  other  half  of  the  zygote,  which  is  to  form  the  "  soma  "  of  the 
holophyte,  necessarily  contains  only  one  Id,  without  germ-cells,  as  a  holo- 
phyte needs  only  one  Id.  When  this  half  develops  into  the  "  soma,"  the 
primitive  germ-cells,  with  Ids  probably  differing  from  the  somatic  Id  in 
somatic  determinants,  derived  without  reduction  from  the  pi-imitive  germ- 
ceil  mass,  travel  through  the  blastoderm  and  along  the  yolk-stalk,  and 
ultimately,  as  I  have  said,  mobilise  on  the  Wolffian  ridges.  F.  A.  Woods 
has  discussed  the  question  how  far  disproportionate  growth  might  account 
for  this  germ-cell  journey,  and  it  may  account  for  some  changes:  but  an 
aiiKi'boid  or  travelling  power  must  apparent!}'  be  a  property  of  the  germ- 
cells.  When  the  germ-cells  thus  reach  the  germ-epithelium  on  tlie  Wolffian 
bodies,  the  embrj'o  is  once  more  joined  up,  i.e.  the  results  of  the  first 
primitive  zygote-division  are  combined.  These  two  parts  have,  as  it  were, 
marched  separatelj',  and  now  unite  so  as  to  give  an  embryo  capable  of 
growth  and  ultimate  propagation.  It  thus  contains  one  develi>ping  Id.  and 
in  the  ovary  or  testis  thousands  of  Ids. 

These  two  hahes  of  the  zygote  are  thus  essentially  the  same,  but  the 
one  is  phylogenetic  in  its  nature  and  entailed  :  the  other  ontogenetic,  at  the 
'  The  determinant  vahie  of  each  gamete  is  considered  at  \\  iS. 
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disposal  of  the  individual :  but  this  individual  holds  his  or  her  sexual  cells 
as  an  entailed  estate  of  which  only  a  certain  use,  i.e.  the  propagation  of  the 
species,  is  allowed,  and  where  the  gametes  do  form  a  fresh  zygote,  the 
primitive  germ-cells  are  once  more  handed  on  as  a  part  of  the  new  zygote, 
practically  unaltered  as  already  described.  This  must  be  considered  a 
great  fact  in  heredity,  and  shows  the  importance  of  "  race  "  or  "strain." 

We  must  now  consider  the  changes  that  go  on  in  the  germ-cell  mass 
subsequent  to  its  formation.  These  may  be  considered  in  essentials  to  be : 
(a)  Non-reduction  changes  of  the  germ-cell  mass,  so  tliat  the  primitive 
germ-cells  (.secondary  germ-cells  of  some  authors)  are  forme<l ;  {h)  spermato- 
genesis and  oogenesis,  so  that  the  gametes  are  formed  probablj'  b}'  the 
throwing  off  of  the  polar  bodies,  /.''.  reduction. 

(a)  Non-reduction  Changes  in  the  Germ-cell  Mass,  so  fluit  tite  prlmit ire 
germ-cells  are  formed. — The  primitive  germ-cell  mass  is  formed  according 
to  the  Owen-Weismann  law,  and  it  thus  logically  follows  that  it  is  zygotic 
in  its  natxhre.  This  is  a  most  important  consequence  of  this  law,  and  has 
not  been  followed  out  by  any  observer  so  far  as  I  am  aware.^  The  changes 
that  take  place  in  a  primitive  germ-cell  mass  first  are  those  of  its  division 
or  nuiltiplication  into  the  primary  germ-cells,  and  tlu'.se,  as  no  reduction 
takes  place,  are  also  zygotic. 

As  a  zygote  in  posse  there  must  be  further  changes  in  the  primiti\i' 
germ-cell  to  take  away  the  power  of  zygotic  dirt'erentiation  into  a  gamcto- 
zoon  and  ultimately  into  the  holophyte,  and  this  is,  I  believe,  the  object  of 
the  reduction  of  the  chromosomes  (spermatogenesis  and  oogenesis  respec- 
tively) forming  the  gametes. 

(b)  Sjiermatogenesis  and  Oogenesis,-  sn  tlmt  Ihe  go  inetes  are  fnvmed. — Tlir 
great  changes  liere  are  the  reduction  of  the  chromosomes  of  tiie  priiniti\r 
germ-cell  .so  that  each  gamete  has  only  half  the  number  of  chromosomes  of 
the  primitive  germ-cell  or  of  a  somatic  cell.  The  determinants  of  tl>e 
primitive  germ-cells,  somatic  and  genital  (dominant  and  recessive),  are 
thus  divided  between  the  gametes,  but  not,  I  hold,  so  that  each  gamctr 
contains  only  ilominant  or  i-ecessive  determinants:  and  then  by  a  cro.><sini;- 
of  di.ssimilar  gametes  a  fresli  zygote  is  formed.  This,  I  m-ge,  may  1h'  the 
significance  of  the  reduction  of  the  chromosomes — not  an  e(|ual  division  into 
maternal  and  paternal  determinants  of  heredit}',  as  Weismann  has  put  it, 
but  an  unec|ual  ,separati<in  of  the  primitive  germ-cell  into  sex  and  non-sex 
gamcti's. 

II'  tlii'Sf  sex  and  non-sex  gametes  are  tliu.s  divided,  the  question  arisrs. 

'   It  ihiiy  lie  thai,  Owen's  statement  iin)>lii'.t  it  (r.  ]>.  17),  Imt  lii.><  iiipnniiig  is  oliscuie. 
2  These  are  very  coiii])lex,  es]iciially  speniialD>,'eiu',sis,  owing  lo  the  ultimate  coni|iIii'al  id 
slnictiire  iif  the  .s|ieiinati)zi"in. 
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Can  we  tiiid  how  the  determinants  are  quantitatively  allotted  ?  Which 
determinants  go  to  the  uon-sex  gamete,  and  which  to  the  sex  one  ?  Before 
considering  this  I  wish  to  make  use  of  a  generalisation  of  Przibram's  as 
to  "  fertilisation."  Przibram  states  in  his  most  valuable  monograph  on 
Experimental  Zoology :  Emhryogeny,  Part  I.,  p.  30,  that : — "  There  is  a 
normal  association  between  division  of  the  centrosome,  formation  of  centro- 
spheres,  astrospheres,  division  of  the  nucleus  and  the  yolk  (cell-body),  and 
perhaps  also  progressive  differentiation  of  the  cleavage  cells ;  but  we  must 
not  conceive  of  this  series  in  such  a  way  as  to  suppose  that  one  member  is 
the  determining  cause  of  the  next,  but  rather  that  all  the  processes  are 
called  forth  in  succession  by  a  common  cause,  and  then  provide  jointly  for 
the  typical  development." 

We  may  thus  say  that  when  the  gametes  are  formed  the  centrosome 
and  nucleus  are  probably  divided  between  the  gametes,  and  when  these 
are  so  divided  the  gametes  lose  the  power  of  zygotic  diti'erentiation  into  a 
holophj'te.  Each  gamete  has  lost  the  power  of  zygotic  development,  but  a 
crossing  of  gametes  normally  restores  thi.s — one  of  the  objects  of  fertilisation. 

I  wish  now  to  ascertain  how  the  determinants  of  the  primitive  germ- 
cell  are  divided  between  the  gametes,  a  question  that  lies  at  the  base  of 
heredity.  I  attempt  this  in  a  novel  way — not  exact  as  yet,  but  approxi- 
mately so.  I  take  the  most  fully  developed  cases  of  what  is  termed  a 
teratoma,^  i.e.  a  solid  dermoid  tumour,  of  the  ovary  or  testes,  with  holo- 
phyte  determinates,  normal  in  their  development  and  arising  from  all 
the  three  germ-laj'ers,  as  Wilms  and  Okhubo  have  shown ;  and  regarding 
these,  for  reasons  given  afterwai-ds,  as  arising  from  an  aberrant  gamete,  I 
reason  back  from  the  determinates  of  the  teratoma  to  the  determinants  of 
the  aberrant  gamete  from  which  I  suppose  it  arises.  If  I  settle  the 
determinants  of  one  gamete,  then  those  in  the  other  gamete  follow.  I 
must  therefore  discuss  (I)  the  structure  of  the  teratoma,  (2)  the  way  the 
teratoma  arises,  (3)  the  determinants  approximately  present  in  each  of 
the  gametes. 

(1)  Tlie  Structure  of  the   T<'ratui}t.<(. — Under  certain   conditions,  as   yet 

'  I  may  say,  lor  the  iioii -medical  reader,  that  in  the  ovai-y  especially,  and  in  the 
testis,  are  quite  frequently  found  tumours  with  definite  and  normal  body-elements — hair, 
teeth,  mamm«,  hraiii-tissue,  bodies,  bowel,  etc.  When  in  the  ovary  the.<e  strm-.tures 
are  present,  along  with  oreaniy-like  Huid,  it  is  called  a  "dermoid"  tutnour  of  the  ovary  ; 
when  distinct  parts  are  found  so  advanced  that  it  is  jiart  of  an  embryo,  it  is  called  an 
enibryoma  or  teratoma.  Such  a  structure  may  be  jiracticiilly  solid  :  chorionic  epithelium 
may  also  be  present  (ei)ithelium  from  the  early  outer  covering  of  the  zygote) — and  these 
may  give  rise  to  malignant  conditions,  chorio-ejiitheliomata,  analogous  to  those  that  we  now 
know  80  frequently  follow  the  hydatid  mole  ])regnancy  in  women.  Dermoids  may  be 
found  also  in  other  parts  of  the  body,  and  the  explanation  of  this  will  be  given  sub.sequently. 
The  body  tissue  found  in  enduyomatii  is  quite  normal. 
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incompletely  known,  an  imperfectly  reduced  gamete  (probably),  or  according 
to  others  a  primitive  germ-cell,  may  develop  in  the  ovary  into  a  jmrtial 
embryo,  the  embryoma  of  Wilms  or  teratoma  of  other  authors.  The 
remarkable  fact  about  these  ovarian  teratomata  is  that  in  their  most 
advanced  examples  they  consist  of  parts  of  normal  determinates  of  the 
holophyte,  viz.  body-trunk  (upper  part),  imperfect  limbs,  parts  of  brain  and 
spinal  cord,  respiration-tract,  mamma,  labia  majoi'ii,  intestine  {Darm- 
schhiAich),  rudiment  of  eye.  These  teratomata  are  thus  not  merely 
ectodermic  products  (in  fact,  these  do  not  predominate),  but  contain 
derivatives  of  all  the  germ-layers  (Wilms).  Thus  Shattock,  in  his  Erasmus 
Wilson  Lecture,  has  de.scribed  a  very  perfect  specimen,  probably  the  most 
developed  teratoma  known,  which  consisted  of  a  trunk  furnished  with 
two  lower  limb.s,  and  a  peritoneal  cavity  containing  a  blind  coil  of  intestine. 
The  skeleton  comprised  a  short  rudimentaiy  spinal  colunni  with  a  pelvic 
girdle,  and  in  each  of  the  lower  limbs  there  was  a  long  osseous  element  tilled 
with  fatty  marrow.  Between  the  limbs  were  two  distinct  labia,  bounding 
a  blind  depression,  and  behind  these  a  perineal  raphe.  It  had  thus  in  the 
main  the  structures  assignable  to  somatopleure,  as  I  .shall  presently  explain. 

What  is  not  repre.sented  in  the  ovarian  teratomata  is  probably  the 
small  intestine,  and  the  fh(ir(u-ferus(ir  ijrnital  ori/ans  hare  crrtninhj  not  yd 
been  found  represented. 

Thus  we  may  regard  the  holophyte  or  adult  as  divided  into  two  great 
groups  of  determinates,  the  one  comprising  the  somatopleuric  part  of  the 
body — head,  trunk,  mamma,  limbs,  brain,  and  spinal  cord  ;  [ilun  mouth  and 
fi^sophagus:  small  portion  of  bowel,  bladder:  bronchial  tract,  heart- 
nm.scle,  spleen,  cord  :  lymph-glands.  The  other  would  contain  the  .splanchno- 
pleuric  part  of  the  body,  or  rather  the  pleuro-peritoneal  cavity  (c(vlom)  and 
some  of  its  contents,  viz.  small  intestine  at  any  rate,  and  genital  organs. 

Thus  probably  the  best  .statement  as  to  the  relation  of  these  two  body- 
divisions  to  the  germ-layers  is  that  the  former  is  in  the  main  somatopleuric, 
the  latter  splaiichnopleuric.  There  is  probably  a  common  area  where  these 
blend.'  The  analysis  of  the  determinates  in  an  ovarian  teratoma  is 
undoubtedly  dithcult.  I  rely  most  on  the  analysis  of  naked-ej-e  .specimens 
such  as  Wilms' and  Shattock's :  the  microscopical  results  are  also  valuabl(>. 
but  an;  more  ditKcult  to  link  with  organs,  e.(j.  in  the  Cfvse  of  unstriped  musilr. 

The  absence  of  dominant  genital  determinates  especially  leads  me  to 
suggest  the  development  of  ovarian  teratomata  from  an  imperfectly  reduced 
primitive  germ-cell,  fi-om  a  non-sex  gamete  and  uot  from  the  unreduced 
primitive  germ-cell.     Tliis  is,  however,  more  fully  t;ikiii  up  afterwards. 

'  Si)iiiatoiileiiri'  =  cil(Kleiiii  yi/i(.s  half  <if  split  mesolilii.-il,  ;  .siilaii(luii)|ilemr  ~eiil<Kl<'iiii 
plu,*  half  of  ciilit  iiie.sobliist.     The  split  cavity  i.s  pleuro-poritoncAl. 
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( )khubo,  iu  a  very  comprehensive  consideration  of  testicular  enibryoinata, 
has  sliown  that  they  also  contain  representatives  of  all  the  germ-layers  and 
microscopic  elements  of  almost  all  organs  (see,  however,  anted,  p.  22)  and  of 
chdrio-epitheliomatous  tissue.  They  do  not  contain  determinates  of  the 
dominant  genital  tract.  His  own  cases  wei-e  eleven  in  numher,  and  all  were 
examined  thoroughly.  He  also  has  collected  from  the  literature  on  this 
subject  107  eases,  and  analysed  the  results.  I  hope  to  show  that  the 
testicular  teratoma  is  derived  from  an  imperfectly  reduced  non-sex  male 
gamete,  just  as  the  ovarian  teratoma  is  derived  from  an  imperfectly 
reduced  ovum.  I  may  say  in  passing  that  a  particularly  searching  exam- 
ination of  all  teratomata  as  to  the  actual  organs  and  tissues  represented, 
and  to  what  extent,  is  imperatively  necessary,  and  would  be  likely  to  artbrd 
valuable  results. 

The  question  now  arises  as  to  how  far  this  division  of  the  holophyte 
into  somatopleuric  and  splanchnopleuric  components  can  be  linked  with 
the  gametes.  It  can,  to  a  certain  extent,  I  believe,  and  the  clue  to  it  is  in 
this,  that  the  characteristic  genital  unit-determinates  have  not  been  found 
in  the  ovarian  or  te.sticular  teratonuita.  This  leads  one  to  the  possibility 
of  the  female  sex  gamete  containing  the  determinants  for  the  splanchno- 
pleuric segments  and  sex-organs  of  the  holophyte ;  the  non-sex  one  those  of 
tile  somatopleuric  portion.  I  cannot  suggest  as  yet  anything  precise  a.s  to 
the  .segregation  of  the  viscera-determinants  in  the  gametes. 

The  .same  holds  good  for  the  male  sex  gamete  and  male  non-sex  gamete. 
Tlius,  as  the  result  of  cros.sing  of  gametes  as  already  suggested,  the  female 
liiilophyte  would  hav^e  the  .splanchnopleuric  segment  and  genital  organs 
from  the  female  sex  gamete,  i.e.  (in  the  main)  its  sex  and  splanchno- 
pleuric determinates;  its  somatopleuric  determinates  (in  the  main)  from 
the  non-sex  male  gamete. 

In  tlie  .same  way  the  male  holophyte  would  have  its  splanchnopleuric 
and  genital  unit-determinates  from  the  male  sex-gamete  :  the  somatopleuric 
segment  from  the  non-sex  female  gamete. 

This  in  the  main,  put  popularly,  would  make  the  human  female  follow 
till'  male  parent  in  mental  and  muscular  bodj'  development ;  from  or  through 
the  mother  she  would  get  sex,  digestive,  and  excretory  organs  in  part.  The 
luuuan  male  would  in  like  manner  get  his  mental  characteristic  and 
iini.sciilar  bodj'  development  from  or  thnmgh  the  mother  ;  his  sex,  digestive, 
and  excretory  organs  in  the  main  from  or  through  the  father.'  This  puts 
the  matter  broadly.  It  is  evident,  however,  that  such  a  conception  is  not 
always  sharply  idealised,  and  that  an  interchange  of  determinants  does  take 

'  (Ine  ofleu  see.s  the  average-size  uiollier  with  a  tall  father  bear  a  son  tall  like  liis 
graiiilfather.     In  other  eases  the  son  is  tall  like  the  mother. 
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place,  not  in  exact  accordance  with  this  idea.  Before  the  polar  bodies  arc 
thrown  ott'  however,  and  the  chromosomes  exactly  divided,  there  is  a 
spireme  or  continuous  arranuenient  of  these  chromosomes,  and  it  is  here, 
from  or  in  connection  with  this  stage,  that  such  changes  may  take  place, 
before  the  exact  and  equal  division  of  the  chromosomes  occurs.  What  I 
have  advanced  implies  that  in  the  reduction  of  the  pi-imitive  germ-cells 
there  is  no  equal  division  of  paternal  and  maternal  characteristics,  but  an 
unequal  segregation  of  determinants  in  the  two  varieties  of  ova  and 
spermatozoa,  and  then  a  crossing  of  a  somatopleuric  (non-sex)  and  a 
splanchnopleuric  (sex)  gamete  of  each  variety  to  give  a  zygote  with  a 
variation  of  determinants.  There  is  thus  a  rearranging  of  autonomous 
unit-characters — an  uneijual  segregation  to  form  the  gametes,  i.e.  these  are 
not  pure  as  to  dominance  and  recessiveness ;  a  crossing  of  unequal  gametes 
to  form  the  zygote ;  but  the  unit-characters  do  not  blend,  are  not  diluted 
fractionally,  but  are  present,  if  not  always  evident,  in  each  geneiation,  unless 
they  breed  true  to  certain  of  their  unit-cliaracters. 

In  connection  with  this  result,  at  which  I  ai-rivcd  independently,  I  may 
quote  a  remarkable  illustration  of  it  in  a  passage  in  Przibram's  most  valu- 
able work,  as  follows  (Exihryixjeny,  p.  (i2) : — "The  normal  relations  of  the 
several  blastomcres  of  Asvaris  to  the  later  organs  and  portions  of  the  body 
ai'e  described  by  Zui-  Strassen  in  the  following  account  based  upon  his  own 
results  and  those  of  Boveri.  The  egg  of  Aacarls  mi'ijaloci'phnUi  is  divided 
by  the  first  cleavage  into  cells  lying  one  above  the  other,  which  differ 
fundamentally  both  in  their  pro.spective  significance  and  their  mode  of 
development.  From  the  smaller  cell  whicli  lies  beneath,  are  produced  the 
greater  number  of  the  organs,  the  .sexual  s\'stem,  the  mesoderm,  the  whole 
of  the  digestive  tract,  and  a  part  of  the  body- wall.  This  lower  cell-group, 
which  is  confined  to  the  ventral  side  and  the  posterior  end  of  the  animal, 
divides  with  a  very  irregular  rhythm,  but  all  its  descendants  are  shai'ply 
characterised,  e\-en  in  the  later  cleavage  stages,  as  regards  their  nnitujil 
po.sition  and  the  natuie  of  their  nuclei.  On  the  other  hand,  the  larger  cell 
lying  ab()\H'  furni.shes  a  single  structure,  the  'ectoderm,'  which  develops 
at  a  uniform  rate.  In  accordance  with  its  general  position,  we  are 
accustomed  to  describe  as  ectoderm  the  developing  cell-plate,  finally  bent  in 
the  form  of  a  hood,  which  occupies  by  far  tlie  greater  part  of  the  embryo, 
viz.  the  whole  of  the  doi.sal  and  lateral  parts.  The  ventral  and  pasterior 
parts  are  connected  with  thr  products  of  tlir  lower  cleavage  .sphere  and 
partly  envelop  them. 

"  The  most  valuable  part  of  the  work  (of  Bctveri),  howt'ver,  consists  in  i 
tlie  beautiful  <li.sco\(>ry  that  the  separation  of  the  germ-cells  and  soma 
whicli    is  tln'orrticall\'   rt'i|uircd   by    Wcisiiiann   is  actiially  realised   in   the 


Meudrliau  Action  uii   1  )ifl'fiviitiatcd  Sex  25 

caso  of  Afinirl'<.  After  a  very  few  cell-geiieration«  tlie  primary  sexual  cell 
becomes  separated.  Its  genealogy,  the  germ-track,  marks  a  main  stock  with 
the  whole,  fi'om  which  the  primary  somatic  cells  with  their  descendants  are 
derived  like  so  manj'  side  branches.  Only  the  cells  of  the  germ-track 
retain  the  original  type  of  K<(ri/oJ,-iiiesis  and  transmit  it  to  the  sexual  cells 
of  the  growing  worm  :  in  the  primary  somatic  cells,  (m  the  other  hand,  the 
nucleus  disbiu'dens  itself  of  a  certain  part  of  its  chromatin,  and  thencefortli 
follows  a  new  and  completely  divergent  type  in  all  the  mitoses  of  the  body 
('  nuclear  reduction ').' 

What  is  stated  as  to  the  two  primary  divisions  of  the  egg  of  Ascuria 
)ni(/<dof('pIiaI((  I  have  thus  suggested  independentlj',  with  modifications,  in 
the  liuman  holophj'te,  and  have  carried  back  to  an  analogous  extent  the 
two  forms  of  gametes.  Tliis  sliows  really  what  tlie  cdntinuity  of  the  germ- 
plasma  involves. 

The  view  I  take  of  the  ovarian  and  testicular  tei-atoma  is  therefore  this. 
It  is  a  non-sex  gamete  which  has  retained  from  the  primitive  germ-cell  the 
luicleus  in  pai't  and  the  centrosome,^  and  thus  the  power  of  holopliyte 
development  normallj^  lo.st  by  the  gametes,  and  as  a  result  we  get  "sample  " 
potent  determinants  of  the  zygote,  giving  us  the  "  sample  "  determinates 
fouud  in  the  embr^-oma.  These,  as  Wilms  has  shown,  are  normal  in  their 
development  so  far  as  they  go.  The  loss  of  part  of  the  nucleus  and  part 
of  the  centrosome  takes  away  from  the  somatopleuric  female  gamete, 
noi-mally  formed,  the  power  of  holophytic  development,  and  it  can  only 
regain  this  by  restoring  its  nucleus  and  centrosome  to  full  power  of  holo- 
phytic development  by  union  with  a  dominant  male  gamete.  If,  however, 
the  somatopleuric  female  gamete  retains,  after  the  segregation  of  the  germ- 
cell,  certain  of  the  chromosomes,  i.e.  part  of  the  nucleus  and  the  ceutro.some, 
it  will  be  in  the  position  of  being  part  of  a  z^-gote  with  the  power  of 
zygotic  development,  and  can  thus  proceed  on  the  lines  of  holophytic  develop- 
ment to  a  limited  extent,  and  thus  form  a  teratoma  (ovarian  or  testicular). 

The  primitive  germ-cell  and  the  primitive  sperm-cell  are  really  the 
same  in  essence.  They  are  zygotic,  are  reduced  bj'  spermatogenesis  and 
oogenesis  to  gametes,  to  prevent  zj'gotic  development,  and  this  is  restored 
by  the  crossing  or  fertilisation  of  a  .sex  gamete  (male  in  its  origin)  with 
another  gamete,  female  and  somatopleuric  in  its  origin,  and  the  zygote 
again  formed.  The  stages  are  therefore  :  primitive  germ-cell  or  sperm-cell 
i.e.  zygotes  (fenuile  or  male) ;  reduced  zygote  (gametes,  male  or  female) : 
cro.ssing  of  gametes,  as  already  given  (p.  1(5);  and  zygote  again.  Fertili.si\- 
tion  in  the  mammalia  is  thus  a  variation  of  gametes  of  unetjual  value,  the 

'  What   detevniinep   zygotic  devcloiunoiit   is  not  cxiictly  known,  and  thus  tlic  above 

statcmenl  is  tentative. 
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same  as  wlien  peas  with  contrasted  characters  are  crossed,  but  the  result  is 
the  tremendous  one  of  a  human  fertilised  ovum. 

The  description  I  have  given  of  the  formation  of  the  pi-imitive  germ- 
cells  and  of  their  zygotic  nature,  their  subsecjuent  journey  through  the 
yolk-stalk  and  blastoderm  till  they  "  mobilise  "  on  the  Wolffian  ridges,  the 
possibility  of  their  arrest  cii  route  and  their  modihed  reduction  and  partial 
zygotic  development  into  embryomata,  complete  this  view  of  the  nature 
of  teratomata,  and  give  the  pathologist  a  rational  conception  of  their 
origin  hitherto  awanting.  Thus  dermoids  or  teratomata  in  the  ovary  or 
testis  are  derived  from  a  somatopleuric  gamete  which  has  retained  from  its 
P.G.C.  (really  a  zygote)  what  determines  its  development  as  a  partial 
zygote  into  a  teratoma.  If  the  P.G.C.  has  been  arrested  on  its  way  to 
the  Wolffian  ridges,  and  a  similar  imperfect  reduction  happens  as  in  the 
former  case,  we  get  a  teratoma  at  that  site,  outside  the  sexual  gland. 

I  wish  now  to  consider  some  other  views  as  to  the  origin  of  ferdfomafa. 

(I)  Shattock,  in  his  valuable  lecture,  suggests  a  theory  of  epi-embryo- 
genesis  to  explain  the  ovarian  teratoma  : — " This  theory  is  that  the  (uarian 
teratoma  results  from  the  fertilisation  of  one  of  the  primordial  ova  in  the 
ovary  so  that  the  embryo  gives  rise  to  a  second  imperfect  individual  whose 
origin  is  therefore  not  .synchronous  with,  but  of  later  date  than,  itself.  It 
is  the  formation  of  one  embryo  within  another,  and  the  name  I  venture  to 
suggest  for  the  theory  is  that  of  epi-end^ryogenesis.  ...  It  is  well  known 
that  more  than  a  single  spermatozoon  may  perforate  the  investing  niem- 
brane  of  the  ovum.  It  becomes  thus  quite  conceival)le  that  a  surplus 
spermatozoon  may  remain  about  the  segmenting  mass  or  morula,  may 
become  engaged  between  its  component  cells,  and  in  this  way  be  actually 
ready  in  the  blastoderm  to  fertilise  the  primoi'dial  ova  wliich  are  developed 
so  .soon  after  its  lamination  and  the  cleavage  of  the  mesoblast  which 
results  in  the  formation  of  the  body  cavitj' "  (op.  cit.,  p.  480).  This  is  a 
most  ingenious  theory,  but  I  need  not  criticise  it,  as  Shattock  him.self  points 
out  its  difficulties  in  the  final  paragraph  of  his  suggestive  paper.  In  the 
hiunan  male  analogous  teratomata  occur,  and  a  surplus  spermatozoon  in 
tlic  morula  coming  in  contact  with  a  ]niinary  sjurin-cell,  i.e.  of  a  similar 
nature,  could  not  "  cross "  and  lonn  a  trratniiia  nf  lln'  testicle,  even  il  nne 
forms  the  liypothesis,  as  Shattock  does,  that  "in  the  embryogenic  .sexual 
gland  the  proper  r<'])roductive  eel  Isareattirstundiffi'rcntiated  from  oneanotlier. 
These  cells  become  in  tlie  female  the  ova  and  in  the  male  tlie  spermatogenic 
cells  of  the  testicle  "  (op.  cit.,  pp.  4.S0  and  4.S1 ).  As  a  matter  of  fact,  sperm- 
cells  and  germ-cells  are  such  and  nothing  else  at  tlie  beginning  of  develop- 
ment, and  any  idea  of  a  hrrmajihi-odite  sexual  primitive  germ-cell  in  man 
is  incniiNJisti-iit  willi  uur  iinsint   kii<)wlcdi;e. 
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(2)  Metcvpla.sia,  as  Virchow  put  it,  i.e.  the  origin  of  special  tissues  from 
the  elements  of  other  organs,  does  not  give  one  much  help. 

Shattock's  view  ma}-  be  classified  with  that  of — 

(3)  Inelusio  fcetus,  and  the  latter  is  subject  to  the  same  criticism. 
Okhubo,  to  whom  I  am  indebted  for  information,  considers — 

(4)  The  Marchand-Bonnet  theory  as  the  most  widely  accepted.  These 
look  on  a  teratoma  as  a  developed  blastomere,  i.e.  as  arising  from  an  early 
division-product  of  the  zygote,  dislocated  from  its  fellows  and  thus  develop- 
ing apart  from  its  host.  It  may,  indeed,  be  a  fertilised  polar  body.  It  is  said 
that  this  is  supported  by  experimental  evidence.     It  is  akin  to  my  view. 

(5)  Development  of  a  germ-cell  from  some  abnormal  stimulus  is  virged 
by  Fischel,  and  "  Ribbert  leitete  Embryome  aus  einem  keim,  einer  Zelle  ab, 
die  in  der  Hauptsache  einer  Eizelle  gleichwertig  war"  (Okhubo,  S.  542). 

(6)  Waldeyer,  Wilms,  and  others  would  make  embiyomata  arise 
j)arthenogeneticalh-  from  the  epithelial  cells  of  the  ovary,  apart  from 
fertilisation. 

My  own  view  is,  as  I  have  stated,  that  teratomata  arise  from  a 
partiallj-  reduced  primitive  germ-cell  or  primitive  spei-m-cell,  i.e.  from  the 
somatopleuric  or  non-sex  variety  of  gamete.  The  primitive  germ-cell  I  con- 
sider a  zygote,  according  to  the  Owen-Weismann  law  ;  normally  it  loses  its 
power  of  development  to  a  holophyte  by  reduction  to  "gametes,"  but  if 
this  reduction  is  not  complete,  so  that  the  somatopleuric  gamete  retains 
a  power  of  zygotic  development,  we  get  a  teratoma,  a  part  of  a 
holophyte.  Xo  other  theorj^  accounts  for  the  tei-atoma  being  in  the  main 
only  a  definite  part  of  an  embrj'o  and  its  never  having  genital  determinates. 
It  may  be  termed  a  "  gametic  theory  "  of  the  origin  of  teratomata,  with 
the  i|ualitications  already  stated  as  to  its  imperfectly  reduced  condition. 

Wind  happens  when  the  primitive  germ-cell  is  reduced  ta  (/(imefe.t .' 

I  have  stated  that  I  believe  the  primitive  germ-cell  to  be  a  zygote ; 
spermatogenesis  and  oogenesis  reduce  it  to  gametes  (sex  and  non-sex). 
Each  gamete  has  half  the  number  of  chromo.somes  a  .somatic  cell  has,  and 
thus  Weismann  holds  that  the  maternal  and  paternal  characteristics  are 
equally  divided.  The  objection  to  this  deduction  of  a  great  ob.scrver  is, 
that  it  does  not  S(|uare  with  the  facts  as  observed  in  heredity,  nor  with  the 
results  of  Mendel's  experiments. 

I  do  not  attempt  to  explain  how  tlie  dimorphic  gametes  are  formed.  I 
consider  two  forms  neces.sary  to  give  such  a  heterozygote  as  I  conceive  the 
human  zygote  to  be,  in  view  of  the  undoubted  presence  of  potent  (dominant) 
and  non-potent  (recessive)  genital  determinants  in  it.  The  analysis  of  the 
determinates  in  the  genital  unit  seems  to  me  to  show  that  the  genital  unit- 
cliaracters,  dominant   and   recessive,  are  present  in  the  same  gameti'.      .Vs   1 
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shall    show    presently,  the  dominant  and  recessive  sexual   unit-eliaracters 
sepai'ate  out  in  certain  cases  of  twins  in  black  cattle. 

The  work  already  done  in  regard  to  the  chromosomes  is  remarkable  and 
most  valuable,  but  we  ai-e  yet  in  the  dark  as  to  whether  they  contain  the 
unit-determinants  concerned  in  heredity,  or  are  dii-ective  in  their  division 
of  the  cytoplasm,  and  at  present  one  must  adopt  a  waiting  policy. 

The  fact  that  M'Clung  has  found  diniorpliic  sperm-cells  in  certain  insects, 
and  that  there  is  in  one  of  these  an  acce.s.sory  chromosome,  and  that  when 
this  unites  with  an  ovum,  a  female  zygote  is  the  result,  is  suggestive  of  a  sex 
spermatozoon  uniting  with  a  non-sex  ovum.  No  difference  in  ova  has  been 
yet  noted  in  these  cases,  and  there  is  thus  as  yet  no  evidence  of  dimorphic 
ova.  Heape  has  not  been  able  to  substantiate  Russo's  work  as  to  dimorphic 
ova. 
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Reduction   and  Division  of  P.S.C.  to  form 
JLale  Gametes. 


Mole  F.S.V. 
I  i[ 

Souiatic    soniatopleuric'^  Is  a  part 

d'tants.     D  &  K.  I  of  tlie 

L  zygote; 

Somatic      dtants      for  .'  trives  risu 

splanchnopleure    and  |  to  II  M 

genital  unit.    D  &  R.  J  &:  III  M 


JVon-Sex  Mule  Gamete  *  or 
Spermatozoon. 

JIM 

D  and    —  R   Somatic  d'tants  for 
somatopleure. 


Male  Sex  Gamete-  or  Se.v 
Spermatuzvon. 

IIIM 

—  I)  and  —  R  Somatic  dtants  for 
splanclinopleure  and  1)  >.<:  R 
yenital  unit. 


M.ih'  Zi/nofe. 

lUM    X    IIF 

=  IVM 

A  part  of 
I )  \r  R  Somatic  d'tants  |        this 
for  somato])lcure.  !    probably 

Informs  the 
D  .<r  R  Somatic  d'tants  (     P.S.C. 
for     splauchnoploure  j  mass  and 
and  genital  nnit.  J        the 

P.S.Cs. 

Emhi'jioma  Teatis. 

Non-sex  spei'matozoon  j)lun  part  of  centro- 
some,  i.e.  d'tants  for  somatopleure  plus  part 
of  nucleus  and  centrosome. 

F  =  Female.  D  =  Dniiniiant.  P.CJ.C.  =  Primitive  genu-cell. 

M  =  MaU'.  R  =  Recessive.  P.S.C.  =  Primitive  sjienii-cell. 

-    =  (lart  of. 

The  ri*ading  of  tlie  alidx-c  table  is  that  tlif  female  zygote  IV  F,  jiro- 
duced  by  a  cro.ssing  of  the  gametes  II  .M  and  III  F'.  gives  oH' the  primitive 
germ-cell  mass,  and  from  this  arise  the  primitive  germ-cells,  which  are  .still 

'  Ha-s  71-1  chromosomes  of  M'Cluiig. 

-  Has  n  diromosomes,  i.e.  ixcvesn^ovy  chromosome  wliioli  may  be  the  .<ex  dironiosome  ami 

contain  se\  determinant.*. 
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zygotes,  but  become  reduced  to  gametes  of  two  kinds ;  and  these  by  cross 
union  with  similarly  formed  male  gametes  give  us  again  the  zygote.  In 
this  way  we  get  a  variation  in  tlie  constitution  of  the  new  holophyte. 


The  Erolntion  nf  tlic  Different kdlon  of  Sex. 

Sex  probabljr  became  differentiated  finally  by  mutation,  after  prolonged 
variation  experiments  in  zygotic  reductions.  The  ground  for  this  statement 
will  come  up  presently  when  I  mention  the  case  of  the  free-martin.  De  Vries 
has  shown  that  species  may  arise  suddenly,  i.e.  by  mutation  or  discontinuous 
variation,  as  in  the  case  oi  Oenotlteru  Lmnaivkutua  and  an  old  American 
species,  of  which  wild  forms  found  in  Hilversum,  Holland,  when  sown,  bred 
true  to  the  parents  from  which  the  seeds  were  taken  and  not  to  the  parent- 
form  0.  Lamarchiunii.  Apparently  two  new  species  had  (iriginated  from  an 
old  one  in  a  .state  of  nature  (Lock,  oji.  cit.,  p.  1.35).  I  can  conceive,  however, 
of  variation  acting  on  the  primitive  germ-cells  giving  gametes  not  fertile, 
and  that  "  mutation  "  in  the  ditierentiation  of  sex  might  be  considered  as  a 
variation  result  as  to  gametes,  which  was  successful,  and  that  its  ultimate 
suddenne.ss — mutation — does  not  necessarily  exclude  prolonged  variation 
trials.  The  diflFerentiation  of  sex  has  been  noted  by  Punnett  to  occur 
suddenly  in  the  case  of  the  pea.  "  Sometimes  there  may  be  seen  a  few 
plants  [of  sweet  pea]  in  a  row  which,  though  to  all  appearances  healthj'  and 
vigorous,  set  little  or  no  .seed.  The  reason  is  at  once  apparent  when  a 
flower  is  pulled  to  pieces.  The  anthers  ai-e  sterile,  only  containing  a  little 
degenerate  pollen,  and  the  flower  is  consequently  incapable  of  the  normal 
self-fertilisation  which  obtains  among  these  plants.  Such  few  pods  as  are 
formed  presumably  owe  their  origin  to  in.sect  agency,  for  the  female  parts 
of  the  flower  are  pei"fectly  normal  and  readily  .set  seed  when  pollinated 
from  another  plant.  The  F'  hybrids  so  formed  are  all  normal,  showing 
that  the  fertile  anther  is  dominant  to  the  sterile.  In  the  next  generation 
(F-)  j)lants  with  .sterile  anthers  reappear  approximately  in  the  proportion 
of  1  :  3  of  the  fertile,  whi(-h  is  in  accordance  with  expectation.  Tlii.s  case 
of  the  sterile  sweet  pea  is  of  great  interest  from  its  bearings  on  the  problem 
of  sex.  Looked  at  from  this  standpoint,  we  have  here  a  uni.soxual  form,  a 
female,  which  has  suddenly  ari.sen  from  the  normal  hermaphrodite  form  by 
functional  suppre.s.sion  of  the  male  organs.  It  suggests  that,  in  cases  wliere 
the  sexes  are  separate,  this  condition  may  have  suddenly  arisen  from  the 
hermaphrodite  one.  Tlii;  story  of  sex,  however,  is  too  long  and  tw)  complex 
for  us  to  eiitiT  ujiiui  in  this  connection"  (op.  cit..  j)p.  Ui  and  17).' 

'  \Veisiii;iiiii  al.-^ii  noted  tliis  (r.  Kiiiier,  p.  1\  I). 
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The  view  I  take  of  this  most  intei'esting  obsei-vation  is  that  the  sterile 
anthers  and  the  jiotent  female  part  are  the  result  of  the  formation  of 
gametes  of  unequal  value  but  suitable  for  variation. 

It  would  be  of  great  value  to  know  from  a  botanist  what  elements 
exactly  ai-e  present  in  the  degenerate  anthers  in  such  cases. 

Origin  of  Unequal  Gametic  Valw'. 

An  important  theoretical  question  now  ai'ises,  viz. — What  is  the  cause 
of  the  une(jual  value  of  the  gametes  ?  The  answer  seems  to  me  to  depend 
on  the  view  one  takes  of  the  primitive  gerin-cell.  The  view  I  have  taken 
of  it  is  that  it  is  a  zygote.  This  follows  from  the  Owen-Weisniann 
law,  and  is  of  far-reaching  importance.  The  germ-cells  are  formed  and 
reduced,  and  we  then  get  the  gametes  for  variation,  i.e.  for  cro.ss-fertilisation. 
It  is  evident  theoretically  that  if  the  ovary  and  testes  of  human  adults  con- 
tained not  ova  or  spermatozoa  reepectivel}-,  but  primitive  germ-  or  sperm- 
cells,  i.e.  zygotes,  the  deposit  of  one  of  these  in  the  uterus  would  without 
any  immediate  fertilisation  lead  to  a  female  holophyte  or  male  holophyte  each 
nearly  the  exact  replica  of  its  parent.  This  would  practically  be  budding. 
It  is  here  the  power  of  variation  stejjs  in.  Gametes  of  unequal  value  are 
formed,  and  by  the  crossing  of  these,  variation  in  the  holophyte  is  brought 
about.  The  gametes  are  of  une(iual  value,  one  sex  gamete  and  one  non- 
sex.  The  sex  determinants  are  dominant  and  recessive,  but  are  both  in  the 
one  gamete :  the  second  gamete  contains  no  sex  determinants.  I  thought 
first  that  the  one  gamete  might  possiblj'  contain  all  the  dominant,  the  other 
all  the  recessive  determinants.  This  is  apparently  not  the  case,  as  it  is  of 
importance  that  no  segregation  of  D  and  R  sex  determinants  should  take 
place  nomnally  when  the  gametes  are  formed.  The  non-potent  or  recessive 
determinates  in  the  genital  tract  I  consider  merely  evidence  that  the 
zygote  is  an  impure  dominant,  and  not  that  dominant  and  recessive  eirments 
are  segregated  in  two  gametes. 

,  Castle  has  published  a  paper  applying  Mendelism  ingeniously  to  tlie 
"  Heredity  of  Sex."  His  views  <litf'er  from  mine,  as  he  holds  that  "  all 
animals  and  plants  are  potential  hermaphrodites,  for  they  contain  tlie 
characters  of  both  sexes"  (p.  94),  and  that  "on  the  hypothesis  advanced  the 
zygote  must  in  all  cases  bear  both  the  male  and  female  cliaracters."  1 
regret  that  space  does  not  permit  my  discussing  his  views,  but  refer  ob.servers 
to  his  original  paper,  and  to  the  consideration  of  it  by  Cuiuiingham  and 
Darbishire.  I  maj'  say,  however,  that  in  the  evolution  of  the  germ-cell  and 
tlu^  zygote  the  human  zygote  has  reached  the  .stage  of  an  impure  dominant, 
but  is  not   hcrmnphrodite.     The  zj'gote  of  a  hermaphrodite  plant  sudi  as 
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the  sweet  pea  is  really  not  an  impure  dominant,  but  a  double  dominant  and 
double  recessive,  and  the  occasional  sudden  segregation  of  the  germ-cells  in 
it  gives  us  the  intrinsic  sterile  form  Punnett  describes. 

The  theory  of  male  and  female  ova  seems  to  me  misleading  and  incon- 
sistent with  the  Owen-Weismann  law.  The  primitive  germ-cell  gives  us 
sex  and  non-sex  ova — not  male  and  female  ova ;  and  the  primitive  sperm- 
cell  gives  in  the  same  way  sex  and  non-sex  spermatozoa. 

The  primitive  germ-cell  mass  can  give  rise  to  varieties  of  ova  merely, 
and  the  primitive  sperm-cell  to  varieties  of  spermatozoa :  the  element  of 
the  oppofsite  sex  combined  with  that  of  the  characteristic  sex  present  in 
each  splanchnopleuric  gamete  is  not  sexually  effective. 

Determinants  differ  in  their  period  of  life  in  the  ontogeny  of  an  animal. 
Thus  the  determinants  of  the  gubernaculum  have  apparently  only  a  short 
life-history,  a  power  of  de\'eloping  and  acting  only  for  a  period  of  a  few 
weeks,  until  the  inguinal  canal  and  scrotum  are  canalised  for  the  descent  of 
the  testes.  The  round  ligament  determinants  are  fewer,  but  live  longer. 
In  plijdogeny,  determinants  may  have  also  a  limited  life  in  evolution,  i.e. 
may  exist  only  foi'  certain  periods — long  periods  in  the  race-history,  but 
still  with  an  end  to  their  career.  In  this  way  we  Inaj^  explain  the  dis- 
appearance of  the  pronephros,  pronephric  duct,  Wolffian  bodies,  and  other 
organ.s.  I  throw  this  out,  of  course,  only  as  part  of  a  mere  speculation  and 
working  theorj'.  On  this  view  the  epoophoron  in  the  adult  is  made  up  of 
the  determinates  of  surviving  but  dying  determinants. 

I  may  now  sum  up  mj-  results  as  follows  before  concluding  with  some 
general  remarks  on  Mendelism  and  its  value  to  biology : — 

Mendelian  action  does  not  differentiate  sex,  but  acts  when  .sex  has 
differentiated. 

The  human  mule  and  female  genital  units  contain  definite  unit- 
determinates  characteristic  of  its  own  sex  (potent)  and  the  opposite  .sex 
(non-potent),  as  well  as  unit-determinates,  potent  and  characteri.stic,  but 
bearing  evidence  of  seginental  modification  foi-  spt^cial  sexual  pnr])oses: 
this  last  class  is  licst  seen  in  tlie  IVniale  external  genitals  ( r.  pp.  .S  -1  1). 

These  genital  nnit-(leteiniin;itcs  niiiy  be  consiilered  as  having  in  their 
zygote  nnit-delerniinants  some  of  wliicli  are  dominant  (jjotent)  and  some 
recessive  ( non-[)otent )  (r.  p.   i;}). 

Tlie  human  /.ygot(!  is  thus  an  inipnre  dominant  oi-  heterozygote. 

In  the  zygote,  in  its  early  dixision,  there  is  set  aside  a  portion  of  itself 
••IS  the  gerni-ei'll  ni.iss,  for  the  future  primitive  germ-cells,  and  the.se,  formed 
without  lediKtion,  p.iss  into  the  oigaiiism  to  tlie  Wolffian  ridges.  This  I 
term  the  <)\\(n  \\<isiii,inn  l,i\\,  oi-  continuity  of  the  germ-cells. 

The  ( )\\  in-Weisniann  law   is  one  of  the  most  far-reaching  importance. 
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and  if  ignnrod  we  lose  a  great  part  of  tlie  scientific  basis  of  development  and 
\ariation  in  heredity.     Its  nature  and  bearings  may  be  summed  up  thus : — 

(1)  In  the  zygote  a  primitive  germ-cell  mass  is  formed,  and  the 
remainder  has  the  somatic  determinants  of  the  holophyte  (jr  adult  which 
the  zygote  develops  into. 

(2)  The  P.G.C.  mass  then  gives  ri.se  to  the  primitive  germ-cells.  These 
are  zygotes,  but  probably  ditter  from  the  somatic  portion  of  their  zygote  in 
ha\ing  some  determinants  the  somatic  portion  does  not  possess. 

(3)  When  the  P.G.Cs.  join  the  developed  result  of  the  somatic  half  of 
the  zj'gote,  M'e  get  a  holoph3'te  which  contains  certain  determinates  in  its 
soma,  but  also,  in  its  ova  or  spermatozoa  derived  from  the  P.G.Cs.,  determi- 
nants, certain  of  which  difter  from  those  in  the  somatic  portion  of  the 
zygote,  and  thus,  when  this  holophyte  gives  ri.se  to  new  organisms,  these 
latter  may  contain  determinates  such  as  the  .soma  of  the  mother  or  father 
holophyte  did  not  po.s.sess. 

(4)  When  an  organism  has  determinates  not  expressed  in  the  determin- 
ates of  its  parents,  their  determinants  have  been  in  the  jjarent  gametes, 
secluded  in  them,  and  not  expressed  in  the  determinates  of  the  parents. 
In  this  way  we  may  explain  recession,  and  if  certain  determinants  ai-e 
expressed  only  in  a  special  number  of  gametes,  we  ma\'  get  their  effect 
delaj'ed — so-called  atavism. 

(5)  We  .see  why  the  gametes  contain  the  unit-determinants  of  the 
zygote  they  form.  The  gametes  arise  from  the  P.G.Cs.,  the  P.G.Cs.  from  tiie 
P.G.C.  mass,  and  this  as  part  of  the  zygote  gives  the  gametes  ultimately 
formed,  their  unit-characters. 

The  primary  germ-cells  (and  sperm-cells)  are  thus  really  zygotes. 

The  power  of  developing  to  a  holophyte  in  the  primary  germ-cell 
or  .sperm-cell  is  prevented  by  their  reduction  into  dimorphic  gametes — 
oogenesis  and  spermatogenesis. 

This  reduction  of  the  primary  germ-  and  sperm-cells  produces  in 
each  case  two  varieties  of  gametes,  .sex  and  non-sex,  with  a  divided 
centi'osome  and  nucleus,  and  they  ai"e  thus  incapable  in  them.selves  of  partial 
zygotic  development. 

The  new  zygote  is  produced  by  a  crossing  or  variation  of  the  gametes, 
by  a  sex-ovum  X  a  non-sex  spermatozoon  giving  a  female  zygote,  or  by  a 
sex  spermatozoon  x  a  non-sex  ovum  giving  a  male  zygote. 

We  may  get  the  primary  germ-cell  .so  reduced  that  the  non-.sex  ovum 
contains  its  .share  of  the  nucleus  plus  the  centro.some  or.  put  generally,  what 
determines  zygotic  development;  thus  a  somato-pleuric  (non-sex>  ovum 
may  develop  a  teratoma  in  the  ovary  or  testis,  or  indeed  in  many  other 
parts  of  the  body  ('•.  p.  -21). 
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MidatiK  inutandis,  we  get  in  a  similar  way  a  testicular  enibryoma. 

The  non-sex  spermatozoon  contains,  in  the  main,  tiie  somatopleuric 
determinants  ;  the  sex-ovum,  the  sexual  and  splanchnopleuric  determinants. 
These  crossed  give  tlie  female  zygote. 

The  iiou-sex  ovum  contains,  in  the  main,  the  somatopleuric  determinants, 
the  sex  spermatozoon,  the  sexual  determinants,  and  splanchnopleuric  ones. 
These  crossed  give  a  male  zygote. 

The  human  male  holophyte  has,  in  the  main,  primary  sex  and  splanchno- 
pleuric elements  paternal :  .somatopleure  and  derivatives  from  the  mother. 

The  human  female  holophyte  has  primary  elements  of  sex  and  splanchno- 
pleuric elements  from  the  mother :  somatopleure  and  derivatives  from  tlie 
father. 

Fertilisation  is  thus  gametic  variation :  the  gametes  are  unequal  in 
determinant  value,  one  sex,  the  other  non-sex.  D  and  R  somatic  determin- 
ants may  be  present  in  both  gametes,  but  the  gametes  are  quantitatively  of 
unequal  value. 

The  result  of  gametic  variation  is  to  give  us  genital-unit  dominant  and 
recessive  elements  from  different  origins  in  the  zygote,  and  tinall\-  in  tlie 
genital-unit  determinates. 

The  Owen-Weismann  law  applies  to  the  formation  of  the  germ-cell  mass. 
The  determinants  of  the  P.G.C.  are  divided  between  the  gametes,  but  D  and 
R  determinants  of  the  G.U.  tract  are  present  in  the  .same  gamete,  and  there 
is  therefore  not  any  gametic  segregation  or  purity  of  gametes  in  Mendel's 
sense. 

The  law  of  segregation  does  not  act  on  the  D  and  R  sex  determinants 
of  the  human  z^-gote.     They  are  normally  inseparable  and  in  one  gamete. 

The  law  of  segregation,  bj-  a  special  action  on  the  zygote,  produces 
anomalous  sex  in  certain  animals,  as  I  hope  afterwards  to  .show  more  fully. 

Thus,  in  the  condition  known  as  the  free-martin,'  foxnid  iu)t  infrciiuently 
in  the  twins  of  black  cattle,  and  hitherto  considered  an  unsolved  problem, 
this  .sterile  animal  is  really  an  inqjerfect  bull.  a,s  Spiegelberg  showed,  and 
the  explanation  of  this  anomaly,  according  to  my  views,  is  that  tlie  twins 
aro.se  from  one  zygote,  and  that  the  potent  U.U.  determinants  liave 
segregrated  for  the  potent  twin,  the  recessive  for  the  defective  twin.  Eaeli 
gets  a  share  of  the  testis,  according  to  the  Owen-Weismann  law,  after  the 
primary  division  forming  the  twin  condition  took  place.  'J'ho  p<itent  twin 
is  an  extracted  doiiiinant  :  the  rree-maitin  an  extracted  reee.ssive,  (/mi  their 
genital  determinates. 

Ill  bees,  pn.lialily.  the  three  forms  are  queen  (female),  dron.'  (male),  and 

'  Occn.siiiimlly  tlu-  twins  of  hlark  willlo  are  a  noriiinl  Imll-calf  ,iiul  an  ainwirent  finialf 
and  bterile  calf,  llie  rruu-iiiaitin. 
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female-neuter.  The  current  views  seem  to  nie  very  forced  and  improbable, 
and  I  am  at  present  considering  the  question  of  Mendelism,  or  a  modified 
Mendelian  action,  in  regard  to  the  origin  of  their  various  sexes. 

My  observations  on  these  points  are,  however,  not  yet  complete :  but  I 
may  say  tliat  the  present  opinion  that  the  drone,  a  perfect  male,  arises  from 
an  unfertilised  egg,  seems  to  me  the  most  extraordinary  ever  held  in 
embryolog}'. 

It  maj'  be  that  zygotic  segregation  is  carried  out  in  bees  so  that  the 
dominant  genital  determinates  are  tlirown  into  one  primary  divi-sion, 
the  i-ecessive  into  another,  and  thus  a  large  number  of  holophj'tes 
pi-oduced  with  the  recessive  or  non-potent  sexual  element — holophytes 
eftective  for  work,  the  worker  bees,  but  cut  oft"  from  any  power  of 
propagation. 

The  Mendelian  scheme  may  be  divided  by  a  transverse  line  innnediately 
below  F^ :  the  laws  above  act  in  normal  sex,  the  law  below  (segregati(jn)  in 
anomalous  sex,  as  in  the  free-martin  and  bees. 

The  differentiation  of  normal  sex  has  been,  in  its  final  stage,  in  all  pro- 
bability a  mutation. 

The  aim  of  gametic  union  is  to  get  variation.  This  could  not  be  got  if 
the  P.G.Cs.  were  allowed  to  become  holophytes,  but  is  attained  by  unequal 
gametic  segregation  and  crossing  of  the  gametes.  Thus  the  production 
of  normal  sex,  and  the  formation  of  a  variation-holophyte,  are  guided  by 
the  same  Mendelian  mechanism  as  that  acting  on  somatic  unit-characters 
in  plants — short,  however,  of  the  law  of  segregation,  which  would  interfere 
with  the  formation  of  normal  sex  by  pi'oducing  abnormal  forms  of  it. 
When  the  Mendelian  mechanism  goes  on  to  F-,  we  then  get  in  black  cattle 
pure  extractives  D  and  R. 

Remarks  on  Mendelism  in  General. 

Mendel's  experiments  on  variation  on  the  eating-pea  are  the  most  far- 
reaching  that  have  ever  been  made  in  the  study  of  evolution.  Biologists 
have  by  this  time  a  gi-eat  record  of  such  experiments,  and  these  mu.st  now 
be  verified,  extended,  and  explained.  Under  these  three  heads  there  is 
much  to  be  done,  and  we  are  hardly  oxer  the  boi-dc  r  of  the  land  to  be 
possessed. 

Mendelism,  as  at  present  understood,  in  regard  to  pea-experiment,s.  com- 
prises two  great  facts  and  a  theory-.  Dominance  and  Segregation  are  the 
facts,  and  the  theory  is  that  of  Gametic  Segregation.  Of  the  fact^s.  the 
Segregation  seems  to  be  undoubted,  and  is  pi'obably  the  be.st  understood  in 
fact,  if  nut  in  nieehanism  :   diinn'nancr  is  .-i   (cnii   for  a    fact,  but  it   is  more 
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difficult  to  state  wliat  it  actually  involves,  and  still  more  difficult  to  explain 
its  uiechanisni.  The  same  criticism  may  be  made  as  to  the  term  i-ecessive 
hut  I  have  already  hinted  that  it  may  mean  recession  of  a  unit-character 
determinant  into  the  gametes.  The  theory  of  jjametic  segregation,  in 
explanation  of  Mendel's  pea-experiments,  I  believe  to  be  erroneous.  I  make 
these  statements  with  great  diffidence  and  at  present  under  reserve ;  but 
only  good  can  come  from  such  reconsideration,  and  I  am  certain  that  what 
is  wanted  is  first  to  make  sure  and  certain  our  knowledge  of  the  elements 
of  Mendelism  before  applying  it  to  the  much  more  difficult  higher  prol)lems  in 
mammals.  I  defer,  however,  at  present  further  criticism  on  this  important 
point. 

I  began  this  in(iuir3'  as  an  attempt  to  ascertain  if  ]\Iendeli.sm 
acted  in  human  development  in  the  ditiei-entiation  of  the  human  genital 
tract.  The  (juestion  may  now  fairly  be  asked.  How  far  have  these  pro- 
cesses been  found  to  be  guided  by  ^lendel's  laws  .'  l[y  answer  in  con- 
clusion is  that  Mendelism  is  cei-tainly  the  explanation  in  the  problem  before 
us — Mendeli.sm  acts  when  sex  has  become  differentiated, — but  that  I  have, 
with  all  diffidence,  modified  it.  In  the  fir.st  place,  I  have  not  found  the 
theory  of  gametic  segregation  satisfactory^  It  implies  that  characters  on 
which  Mendel's  laws  act  ai-e  segregated  in  different  gametes.  The  segi-ega- 
tion  of  the  D  &  R  determinants  in  Mendel's  pea-experiments  .seems  to  me 
to  occur  in  what  we  may  term  the  zygote,  and  the  proportions  of  1  :  2  : 1  are 
the  result  of  zj'gotic  segregation,  not  gametic  segregation.  I  have  found 
that  probably  in  the  human  species  the  D  &  R  unit  determinants  of  the 
U.U.  tract  may  be  combined  in  one  gamete. 

Dominance  is  apparent,  but  is  in  a  unii|ue  way  :  the  potent  genital 
elements  are  evident  in  the  adult,  but  the  recessive  elements  are  also 
present,  diminished  in  amount  and  simpler  in  structure.  The  D  and  R 
.sex-characters  are  combined  in  one  gamete. 

The  dominant  and  rece.ssive  sex-elements  are  an  inseparable  autonomous 
unit-chai-actcr  in  thr  liuiiian  species,  but  are  segregated  in  the  free-martin 
twins. 

In  anomalous  sex,  as  in  cattle  and  bees,  .segregation.  I  believe,  acts  on 
the  zygotes  and  produces  this  condition. 

The  peculiarity  of  the  recessive  elements  in  the  human  G.U.  tract  is 
that  tliey  are  modified  and  degenerated  elements,  definite  in  their  anatomy, 
of  the  opposite  sex.  Tlir  same  relation  does  not  exist  between  the  unit- 
characters  in  the  peas  on  wliieli  Mendel  experimented. 

Tlie  es.sencc  of  Mi'iidelian  action  on  diffi'i-eiitiatt'd  human  sex  therefore 
.seems  to  me  :  (1 )  the  foi-niation  of  !'.(!.( "s.  (im|)nre  dominants)  and  of  unecjual 
double  gametes  with  .•lutdiionKius  nnit-ehaiacters :  (2)  the  dominance  of  one 
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unit-character  normall3^  but  tlie  ultimate  .segregation  of  tlie  pure  dominant 
and  of  the  pure  recessive  element  Jiy  zygotic  i<('<jreg(itiun  in  certain  cases  of 
anomalous  sex  only;  (3)  the  transmission  of  unit-characters  as  an  auto- 
nomous shutHing  in  the  division  of  the  zygote,  not  a  dilution  or  blending; 
(4)  the  action  of  the  hitherto  neglected  Owen-Weisniann  law,  one  result  of 
which  is  that  Dominance  means  the  expression  of  a  character  in  the 
holophyte  ;  Recession,  the  temporary  seclusion  of  a  character  in  the  gamete, 
but  its  reappearance  in  the  succeeding  generations  bj^  zygcjtic  segregation  or 
reduction. 

It  seems  to  me  that  the  results  brought  forward  point  to  the  desirability 
of  reconsidering  Mendel's  theorj'  of  gametic  segregation. 

Darwin  and  Wallace  will  always  take  the  hr.st  place  in  the  history  of 
evolution,  but  Mendel  I  claim  as  its  Napoleon,  the  greater  than  Napoleon, 
the  unsurpa.ssed  master  in  the  .strategy  and  tactics  of  experimental  varia- 
tion. The  practical  closure  of  his  work — a  short  eight  years — by  the  un- 
fortunate regulations  of  the  Austrian  (lovernment  as  to  the  taxation  of 
monasteries  is  probably  the  greatest  mi.sfortune  Science  has  ever  experienced. 

I  have  to  express  my  special  obligations  to  Dr  James  Ritchie,  the  Super- 
intendent of  the  Physicians'  Laboratory,  for  much  valuable  criticism  and 
advice. 
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Fig.  2. — Diagram  of  female  urogenital  organs,  showing  ovaiy,  tube,  uterus, 
vagina,  ovarium,  and  round  ligaments,  Dmninnnl :  epoophoron  ami 
paroophoron,  Reecssire  and  on  male  type  (modified  from  Bonnet). 
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Fig.  3.-- Dia<;ram  of  male  urogenital  organs,  showing  testis,  caudal  liga- 
ment, giibernaculum,  prostate,  J)ominttut :  appendix  testis  (Miillers 
duct),  and  prostatic  utricle,  liccessive  and  on  female  type  (Uonnet). 

6.    Vas  deferens. 


In  2  iU\<]  '\  the  flifftTontiatod   sexual  (tii^.-uis  arc  sliown.  arisiuir  from  a 
hypotlR'tical  eoiiunon  t}*|)c  in  ti^r.  |. 
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This  diagram  sliows  the  place  in  Mendel's  scheme  oi:  the  liuman  zygote 
and  free-martiu : — 


1)  X   R 
DRJ 


Yi 


1D2  :    2DR    :     1  R^ 

I  I  I 


L)        1) 


ID 


1  1) 


2  DR    :     1  R 


2  1)R 


1  R 


DR  =  impure  ilominaiit ;  D  -  pme  doiuinaul ;  K-pure  reccs.si 
first  and  second  generation,  etc. 


R         R 

•e  ;  1'  =  parent  ;  F',  V-, 


•  This  is  the  e(£uivalent  in  tlie  Memlelian  scheme  for  the  Inimau  zygote. 

-  This  is  the  equivalent  for  the  potent  twin  bull. 

'■'  This  is  the  equivalent  for  the  free-martin,  or  sterile  twin  IniU. 

D  X  R  in  P  represents  the  gametes. 
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THE  NATURE  AND  CAUSE  OF  THE  PHYSIOLOGICAL  DESCENT 
OF  THE  TESTES.  By  D.  Bekry  Hart,  M.D.,  etc.,  Lecturer  uu 
Midwifery,  Surgeons'  Hall,  Edinburgh  ;  Hon.  Felloif,  American 
Gyncecological  Society  ;  Carnegie  Researcic  Fellow} 

PART  I.— Descent  in  Marsupials. 

"  At  this  time  of  life  the  testis  is  connected  in  a  very  particular  manner  with  the  parietes 
of  the  abdonieii,  at  that  place  where  in  adult  bodies  the  spermatic  vessels  pass  out,  and 
likewise  with  the  scrotum.  This  connection  is  by  means  of  a  substance  wlii<:h  runs  down 
from  the  lower  end  of  the  testis  to  the  .scrotum,  and  which  at  present  I  .'=hall  call  the 
ligament,  or  gubernaculum  testis,  because  it  connects  the  testis  with  the  scrotum  and  directs 
its  course  in  its  descent "  (p.  6). 

"  It  is  plain  from  this  description,  that  the  cavity  of  the  bag  or  of  the  elongation  of  the 
peritoneum  which  contains  the  testis  in  the  scrotum,  must  at  first  communicate  with  the 
general  cavity  of  the  abdomen  by  an  aperture  at  the  inside  of  the  groin"  (p.  11). 

"  When  the  testis  is  descending  and  when  it  has  even  passed  into  the  scrotum,  it  is 
still  covered  by  the  peritoneum  exactly  in  the  same  manner  as  when  it  was  in  the 
abdomen"  (p.  10).— .John  Hunter,  "A  Description  of  the  Situation  of  the  Te.stis  in  the 
Foetus,  with  its  Descent  into  the  Scrotum,"  in  Obsen'ations  o»t  Certain  Paris  nj  the  Aniwal 
(Economy,  London,  1786. 

"The  parts  in  the  female  appropriated  for  the  purpose  of  supplying  the  young  are 
variou.sly  placed  in  different  animals.  In  the  horse,  black  cittle,  sheeji,  and  other 
graminivorous  animals,  their  situation  is  between  the  hind  legs,  which  is  also  the  place 
allotted  for  the  testicles  of  the  male  of  this  tribe  ;  (and  probably  of  all  those  in  which  they 
come  out  of  the  cavity  of  the  belly)  therefore  in  the  hermaphrodite  which  has  both  these 
parts,  the  testicles  are  in  some  degree  obliged  to  come  down  into  the  udder,  which  does  not 
receive  them  so  readily  as  the  scrotum."— John  Hunter,  "  Account  of  the  Free  Martin," 
in  p.  45,  ojf).  rit. 

I\  a  previous  coiiuiiuiiicatioii  1  duscriht-'el  a  ceuti-al  canal  in  the  ovaiy 
of  the  i-at-kaiiijaroo,  apparently  derived  from  the  Afiilierian  duct.  Tlie 
(piestion  arose  as  to  wlietlier  thi.s  was  exceptional  or  normal  in  nuir.supials, 
and  therefore,  at  Dr  James  Ritcliie's  .sujjgestion,  and  througli  his  kind 
.services,  I  obtained  from  Profes.sor  Wil.son  of  Sydney  tiie  pelvic  ends 
of  five  kangaroo  embryos  in  good  preservation.  Four  of  these  were 
Mdcropus  ruficdUin;  tlie  tiftli  and  largest,  D((.'<t/urus  viverrinus.  After 
suitable  i)reparation,  they  were  cut  in  traiisver.se  serial  .sections  and  stained 
witli  logwood  and  eosin.     In   tliis  waj'  about  tliree  thousand  sections  weiv 

'  Tliis  inquiry  was  carrn  d  onl  at  llie  LalMuatory  of  ibe  Royal  College  of  Plivsicians 
Ediiiburgli. 
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obtained.  I  now  found  that  two  were  female  and  three  male.  Tliis 
seemed  at  first  a  disappointment ;  but,  on  examination,  the  male  embryos 
were  found  to  be  of  great  interest  and  novelty  in  many  points,  so  tliat  the 
results  of  their  examination  and  of  an  extended  investigation  into  the 
whole  question  form  the  subject  of  the  present  paper. 

The  results  of  the  examination  of  the  female  specimens,  so  far  as  the 
development  of  the  mammary  pouch  and  round  ligaments  is  concerned, 
will  be  found  in  another  paper :  but  the  conditions  in  the  two  sexes  are 
intimately  connected  with  one  another,  and  must  be  read  together  to  get 
a  complete  view  of  the  subject.     I  found  no  central  canal  in  the  ovary. 

In  two  of  the  male  specimens  {Mdcnijntu  niticollis)  the  Wolffian  bodies 
were  present  with  the  developing  testes  on  their  inner  and  upper  surfaces ; 
the  inguinal  canal,  gubernaeulum,  and  ci-ema.ster  had  developed,  and  tlie 
scrotum  was  developing:  in  a  third,  moi'e  advanced,  the  Wolffian  bodies 
had  disappeared,  the  sci'otum  had  developed  and  separated,  and  the  testes 
were  in  the  inguinal  canal.  One  special  point  of  value  in  the  last  specimen 
was  that,  although  the  testes  were  in  the  inguinal  canal,  its  size  was  such 
that  serial  sections  could  be  conveniently  made.  In  the  human  male  fti'tus 
at  this  stage  the  specimens  are  too  large  for  this  being  done. 

I  shall  therefoi-e  take  up — 

1.  The  development  of  the  scrotum,  inguinal  canal,  and  gubernaeulum 
prior  to  the  descent  of  the  testes. 
II.  The  condition  of  the  scrotum  and  inguinal  canal  after  the  testes 
were  in  the  inguinal  canal. 

III.  The  mechanism  of  descent  of  tlie  testes  as  shown  in  the  marsupial 

specimens. 

IV.  The  descent  of  the  testes  in  the  human  tVetus. 

V.  The  phylogeny  of  descent  of  the  testes  and  of  the  parts  in\nlvc(l 
in  it. 

I.  The   Development  of  the  Scrotum,  Inguixal  C.\x.\l,  axu  (Iiisei!- 

XACULUM    PRIOR    TO   THE    DesCEXT   OF   THE   TESTES. 

This  was  Will  sliown  in  two  specimens,  hut  1  dcserilH'  the  conditions  in 
one  only  ;  the  other  corroboi'ated  the.se.  The  .sections  are  first  considered 
from  above  down,  and  begin  a  little  above  the  .suprapubic  region. 

Development  of  the  Hn-otum.  Structure  of  the  Abiloniiiuil  Wull  ou  Tr. 
Section. — The  epidermis  of  the  anterior  abdominal  wall  in  the  suprapubic 
region  has  two  ridges,  one  on  each  side  of  the  middle  line,  the  depres.sion 
between  the  two  lying  opposite  the  linea  alba.  The  deep  epidermal  cells 
are  well  marked.     Behind  it  lies  a  laver  of  fibrous  connective  tissue,  and 
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then  comes  a  layer  of  denser  connective  tissue  continuous  on  eacli  side  witli 
lympli-sinuses  to  be  presently  described.  This  special  layer  has  a  homo- 
geneous ground-substance  interspersed  with  connective-tissue  corpuscles  and 
unstriped  muscle.  Next  conies  a  layer  of  mesencliymatous  tissue,  and  finally 
the  peritoneum.  Lower  down  on  the  abdominal  surface  the  epidermic 
ridges  are  larger  in  section,  and  each  has  in  it  a  circular  space  filled  witli 


Kio.  1. — T.S.  embryo,  Mm-ropas  rufiroUis  ;  WolBiaii  bodies  :uh1  testes  in  al)donien.     (J.) 
1,  ciiiileritiiil  ridges  ;  -2,  Iym])li-sinusea  ;  3.  pyrainiiliili.':  muscle. 


connective  ti.ssue  d!  a  myxniiiatoiis  nature  sui'i-otinded  by  deep  epidermal 
cells.  The.se  are  e\i(lenLly  sections  of  double  .solid  cones  in  the  ci)iilerniis. 
The  .sections  of  the  cones  below  this  lo.se  their  intermediate  epidermal 
septum,  and  we  get  a  larg(M-  hour-glass  .space.  Then  they  lose  their 
posterior  epidermal  wall,  and  the  core  lias  in  it  a  double  fan-sliaiie<] 
expansion  of  tni.striped  mu.scle  derived  from  the  inguinal  fold,  and  broadi'i- 
in  front  (gubernaeular  fibres).  There  are  thus  formed  in  the  su])rapubic 
epidermic  ridges  double  eones,  complete  above,  but    with   the  internal  ami 
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posterior  boundary  walls  iucompletu  lower  down.  They  are  formed  by  tlie 
deep  epidermal  layer  passing  backwards  and  snaring  in  the  coiniective 
tissue  completely  above,  but  less  completely  below,  where  the  epidermal 
horns  do  not  meet.  These  cones — best  termed  the  scrotal  cones — form  the 
scrotum,  into  which  the  testicles  ultimatelj'  pass.  The  fully  formed  .scrotum 
is  solid  at  first,  l)ut  ultimately  develops  a  cavity  as  the  gubernaculum 
grows  into  it,  as  Klaatsch  and  Frank!  and  Katz  figure  in  their  specimens 
(figs.  1,  2,  3,  and  4). 

The  marsupial  scrotum  has  long  been  known  to  be  prepenial,  but  the 


Fig.  ■-'.  — T.S.  Macropiis  riificoUis  cmhryo.    ('",".) 
!,  scrotal  cone  ;  3,  lyrapli-siuus.    Note  median  partition  disappearing. 


rea.soii  has  never  been  fully  explained.  All  writers,  except  ivlaatseli.  con- 
sider it  homologous  and  analogous  to  the  ordinarj^ scrotum  in  higher  mammals. 
If  .so,  however,  it  has  not  only  appeared  prematurely  in  pliylogeny.  but  slioujii 
not  be  prepenial  and  suprapubic.  The  account  I  have  given  of  its  develop- 
ment explains  its  nature.  It  is  the  analogue  of  the  female  manniiary 
pouch,  and,  although  this  may  seem  paradoxical,  its  liomologue  too.  It 
develops  like  the  mammary  pouch,  but  the  deep  epidermic  layer  pas.ses 
backwards  in  cre.scentic  form,  the  double  fold  containing  little  more  than 
the  deep  epidermic  cells,  as  the  cavity  of  the  pouch  is  to  be  formed,  not  by 
the  desquamating  epidermis  as  in  tlie  mamma,  but  from  the  enclo.sed 
connective   tissue.     This    development    of   tiie   serotiim    in    the    suprapubic 
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reg-ion  necew.sarily  makes  it  prfpeuial,  and  tlie  (k'sqiuuiiation  of  the  cells 
enclosed  by  the  deep  epidei-inic  horns  at  a  later  stage  renders  the  scrotum 
tree  and  pendulous. 

After  making  out  the  above  developmental  points  in  regard  to  the 
scrotum,  I  was  glad  to  tlnd  it  contirnied  by  Klaatsch's  opinion,  given  in  liis 
paper.  He  there  suggests  that,  from  its  position  and  relation  to  the  guber- 
naculum — the  analogue  of  the  i-ound  ligaments — the  scrotum  must  be  the 
analogue  of  the  mammary  pouch.  This  question  will  be  discussed,  however, 
later  on.     I  may  mention  here  that  it  occurred  to  me  that  the  adult  scrotum 


1'"IG.  3.— T.S.,  MacroDmriificullin.     ('•,".) 

1,  s^il^i-'i'iiAt-'Ular  tllires  in  scrotum;  l',  inter-sinus  l>and  dis- 
pliiced  up  and  back  ;  \i,  horn  of  deep  epidermis  passing 
h&cV  \  4,  solid  scrolmn  formed  from  scrotal  cones. 


Fig.  4.— Gulieniacular  librcs  in  sirotum.     (»*'' 
1,  cpidernml  ridsie  (3  in  rig.  3). 


might  shdw  a  I'nrrow  in  its  mesial  aspect  as  e\ideiice  of  this  (le\  elopment. 
The  specinieii  Klaatsch  figures  does  not  show  this,  but  it  is  well  seen  in  tlie 
scrotum  of  Avrohntu  j>i/(jin(V(i  figured  by  Katz.  He  describes  this  .scrotum 
as  heart-shaped,  and  states  that  he  has  .seen  it  in  young  male  spi-cimens 
from  Brazil,  and   in  an  adult  .specimen  of  the  opossum  (fig.   ")). 

In  the  male  embryo  where  the  testes  were  in  tlie  inguinal  canal,  the 
scrotum  was  separated  from  its  epidermal  bed  and  projected  at  i-ight  angles 
from  the  abdominal  .surface.     It  was  still  .solid  (fig.  15). 

I  may  sum  up  tiiis  point  iK^re,  then,  by  saying  that  the  serutum  in 
maisupi.-ils  is  the  an.ildgur   and   liDiiiologuc   nf   the   mamillary  pmu-li   of   the 
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female  in  every  respect,  but  the  full  proof  of  the  lattei'  is  only  i^iven  iu  the 
section  on  Phylogeuy  (V.). 

The  Development  of  the  Iniiuinal  Canul  und  Otihernuculuin. — The 
development  of  the  inguinal  canal  and  its  contents,  excluding  the  testes  and 
epididymis  in  the  male,  is  intimatelj-  bound  up  with  that  of  tlie  lymph- 
sinuses  in  the  groin,  and  of  the  gubernaculum,  acting  in  association  with  the 
muscular  and  fascial  structures  in  the  abdominal  wall  on  which  the 
inguinal  fold,  to  be  presently  described,  abuts.  In  both  the  specimens  we 
are  now  considering,  the  testes  were  abdominal  and  developing  on  the 
Wolffian  bodies,  i.e.  were  abdominal  and  high  up.  This  fact  must  be 
emphasised,  as  we  shall  see  just  now  that  the  inguinal  canal  had  developed 


Fk;.  5.— Scrotum  in  Acrnbafa  pn'jnWM.     (J.) 
a.,  aims  ;  p.,  phallus:  s-.,  scrotum  ;  /■.,  gi-oovc between  nri^iiial  cuiies.    (Katz.) 

while  the  testes  were  in  the  abdomen,  so  that,  broadly  speaking,  the  inguinal 
canal,  contents  and  lining,  tunica  vaginalis,  the  gubernaculum  (at  this 
special  stage),  and  cremaster  owe  their  presence  to  a  penetrating  growth  of 
gubernacular  fibres,  peritoneum,  and  crema.ster  along  a  definite  lymphatic 
tract  while  the  testes  are  abdominal,  and  thus  not  to  anj-  mechanical 
dilating  process  connected  with  the  descent  of  the  testicles.  To  understand 
this  we  must  consider  the  structure  of  the  alxloniinal  wall.  The  anterior 
abdominal  wall  of  the  embryos,  viewed  on  transvei-se  section,  has  the 
following  structure.  First,  on  the  surface,  on  each  side  of  the  middle  line, 
is  the  epidermal  layer  with  the  two  ridges  already  described,  in  which  the 
scrotal  cones  are  developed.  Behind  this,  comes  a  thin  layer  of  unstriped 
muscle,  and  then  a  thicker  layer  of  connective  tissue  of  a  mesenehymatous 
nature,  but  with  fibrous  cells  condensing  it.  Next  this,  lies  a  deeply  stained 
band  of  connective  tissue  joining  the  inner  ends  of  the  lymph-sinuses :  then 
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more  mesenchymatous  tissue ;  and  lastly  the  pyramidales,  recti,  and 
transversales  muscles,  the  external  obli(iue  and  peritoneum,  the  last  closely 
bound  up  with  a  fascia  into  which  in  the  flanks  the  transversalis  radiates. 
This  fascia  forms  the  transversalis  fascia  ;  the  cord-covering  known  as  the 
cremasteric  fascia  is  derived  from  the  tendon  of  the  internal  oblique. 
The  fascial  structures  implicated  in  descent  are  well  seen  (figs.  1,  9,  and  10). 
I  must  now  describe  the  lymph-sinuses  as  seen  in  the  male.  These, 
when  examined  in  transverse  section  from  above  down,  appear  as  an  obli(|ue 
chain  of  lymph-.sinuses  lined  with  nucleated  endothelium,  the  connective 
tissue  between  the  sinuses  con.sisting  of  deeply  staining  round  cells  with 
a  large   nucleus;   it  thus  stands  out  more  markedly  than  the  connective 


Fig.  6.  —  Lymphatic  system  iit  lower  en  J  of  abdominal  wall 
in  3  cm.  long  pig  embryo  (F.  R.  Sabin). 

P.L.H.,  posterior  lymph  hearts;  R.C.,  receptacuUim  cliyli ; 
K.,  kidney  ;  \V.  B.,  Wolffian  body  ;  D.,  diaphragm  ;  S.  V.,  sciatic 
vein  ;  F.V.,  femoral  vein  ;  M.P,,  dtict^  to  mesenteric  plexus. 


tissue  behind  and  in  front  of  it.  A  very  important  landmark  is,  as  we 
shall  .see,  the  band  of  connective  tissue  joining  the  inner  ends  of  the  sinuses. 
At  the  outer  end  of  the  lymph-sinuses  lie  an  artery  and  vein  \Vc  have 
thus  in  the  nie.senchymatous  tissue  of  the  anterior  abdominal  wall  a  hvdder, 
as  it  were,  of  Ijnnph-sinuses,  of  which  we  get  transverse  sections  as  we 
pass  from  below  at  the  base  of  the  scrotal  cones  obli(iuely  up  and  out, 
showing  on  section  the  obliciue  inguinal  chain  I  have  just  described.  Tliey 
spread  up  to  form  the  superficial  abdominal  lymphatics,  and  in  the  specimens 
could  be  traced  as  far  as  the  ribs.  I  traced  them  also  in  the  .sections  down 
to  a  central  group  of  sinuses  lying  Ix'hind  the  phallus,  and  this  apparently 
poured  by  a  deep  channel  into  the  Wolffian  mesentery.  The  distribution  of 
these  lymph-sinuses  is  best  understood  by  reference  to  papei-s  by  Gulland  and 
Lewis,  and  especially  to  those  of  l)r  Florence  Sabin  (figs.  1,  2,  3,  15,  and  11). 
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In  this  valuable  research  Dr  Sabin  has  shown  that  in  the  skin  "  the 
lymphatic  system  in  the  embryo  pig  begins  as  two  blind  ducts  whicli  bud 
ott'  from  the  veins  in  the  neck.  At  the  very  start  the  openings  of  these 
ducts  into  the  veins  are  guarded  by  valves  formed  by  the  direction  the 
epithelial  bud  takes  as  it  buds  off  from  the  veins.  In  the  ducts  themselves 
there  ai-e  no  valves  at  first.  From  these  two  buds,  and,  later,  from  the  two 
similar  buds  in  the  inguinal  region,  ducts  gi-ow  towards  tlie  skin  and  widen 
out  to  form  four  sacs  or  lymjjh  hearts,  and  from  these  sacs  the  lymphatics 
grow  to  the  skin  and  cover  its  surface.  At  the  same  time  there  is  a 
growth  of  ducts  along  the  dorsal  Hue,  following  the  aorta  to  make  a 
thoracic  duct  from  which  the  lymphatics  grow  to  the  various  organs " 
(J).  387,  op.  cit.). 

In  some  of  the  illustrations  Dr  Sabin  figures  a  chain  of  lymph-.sinuses 
running  in  the  line  of  the  inguinal  canal  and  also  pouring  deeply  to  the 
\V(jltfian  mesentery.  The  nature  of  the  lymph-sinuses  in  the  groin  which 
I  have  described  in  the  kangaroo  embryo  is  quite  evident.  They  corre- 
spond to  the  lymph-.sinuses  in  the  pig,  and  are  the  posterior  starting-points 
of  lymphatic  development  for  the  skin  of  the  anterior  abdominal  wall. 
Below,  in  my  specimens,  they  unite  in  the  tis.sue  behind  the  phallus  to  form 
there  a  deeper  single  sy.stem  of  sinuses ;  these  thus  communicate  with  the 
superficial  system  Dr  Sabin  describes,  and  the  latter  can  be  traced  in  this 
.specimen  up  as  far  as  the  ribs.  Between  the  pubes  and  the  deep  system 
of  sinuses  lies  connective  tissue  of  a  mesenchymatous  nature  (fig.  12). 

Lewis  has  confirmed  Dr  Sabin's  views  as  to  the  origin  of  the  Ijaiiphatics, 
but  found  in  the  rabbit  more  than  four  centres  of  origin. 

The  outer  edge  of  this  sinus  system,  and  the  lymphatic  ti.ssue  connected 
with  it,  corresponds  with  the  oviter  edge  of  the  pyramidalis  on  each  side 
at  this  stage  of  the  development  of  the  inguinal  canal ;  its  uj^ijer  limits  are, 
at  this  stage,  in  the  rib  region,  but  may  be  higher:  while,  beneath,  it  ceases 
at  the  level  where  the  inguinal  fold  passes  in,  and  the  muscles  run  from  the 
front  of  the  pubes  to  the  hip  bone ;  above  this  level  the  mesenchymatous  tissue 
In'gins  to  be  well  developed.  This  tissue  and  tlie  superficial  abdominal 
lymphatic  sinuses  form  the  path  along  which  the  gubernaeulum  develops 
to  form  the  inguinal  canal  and  its  contents  (figs.  7  and  !)). 

The  primitive  inguinal  canal,  as  I  call  it  at  this  stage,  runs  from  below 
up  to  reach  the  suprapubic  scrotum,  and  thus  transverse  sections  do  not 
cut  it  in  its  full  course.  It  will  therefore  be  best  now  to  describe  the 
sections  from  below  up,  beginning  at  the  point  where  the  peritoneal  dimple 
receives  the  inguinal  fold,  and  passing  up  to  the  region  of  the  scrotal  cones. 
Hefoi'e  doing  so,  however,  the  nomenclatiu'c  must  be  considered,  as  it  is  not 
ill  a  satisfactory  condition.     The  well-known  term  of  Hunter,  tlie  guber- 
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uaculuui  testis,  is  used  in  diti'ereiit  seiist's,  and  eiiibryolot;^ists  have  introduced 
new  terms  which  human  anatomists  have  not  yet  adopted.  I  use  the 
terms  "  plica  "  or  "  fold  "  when  the  peritoneum  is  the  naked-eye  structure 
described  ;  "  gubernaculum  "  and  "  ligament "  wlien  the  contained  muscle  or 
connective  tissue  is  meant.  In  the  stage  at  which  the  testes  are  still  in 
the  abdomen  and  attached  tu  the  Wolffian  bodies,  we  have  the  following 
terms : — 

(1)  The  Wi)lffiau  mesenii'vy  attaches  the  Woltfian  body  to  the  po.sterior 
abdominal  wall,  and  its  upper  end  is  the  diaphragmatic  fold  of  the  Wolffian 
body:  its  lower,  the  inguinal  fold. 


-Lyniiili-siiiuses  (1)  in  Ironl  of  ]iyraiiiulalis.     ('J-.) 


(2)  Tile  tedis  has  an  upper,  cephalic,  and  a  lower,  caudal,  fold  or  liga- 
ment. The  former  passes  up  to  the  diapliragmatic  fold  :  the  latter  down 
to  the  inner  and  uppei'  aspect  of  the  genital  ducts. 

{'.\)  'Vhc  iiKjnnKil  fold  (•^WcA  inguinalis;  gubernaculum  bel"ore  it  ju'iie- 
trates  the  abdominal  wall)  is  an  important  one.  It  is  the  caudal  fold  of  tlie 
Wolffian-l)ody  mesentery,  with  an  upper  origin  oppo.site  the  lower  end  of 
the  caudal  ligament  of  the  testis,  the  widtli  of  the  genital  ducts  thus 
separating  them.  Below,  it  ends  at  the  inner  abdominal  ring.  It  is  the 
peritoneal  portion  of  the  gubernaculum  testis,  and  corresponds  to  the 
abdominal  portion  of  the  round  ligament  (.tigs.  <S  and  !•). 
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(■i)  Gitbernacuhiiib  testis. — ^This  is  John  Hunter's  term,  and  is  a  vaiualjle 
one.  In  using  this  term  gubernaculum  testis,  or  "  rudder  "  oi  the  testis, 
Hunter  evidently  did  not  mean  to  attaclt  more  than  a  "  guiding  influence  " 
to  it.  It  is  often  lield  to  in\-ol\e  the  idea  of  traction,  but  this  i.s  un- 
fortunate. Hunter  defines  it  as  being  tiie  connection  between  the  testis 
and  bottom  of  the  scrotum,  and  figures  it  in  a  six-months  fa-tus  as  extend- 
ing down  to  tliat  point.  His  line  really,  in  the  figure  given  by  him,  marks 
out  the  primitive  inguinal  canal.      I   shall  use  the  tei'ni    '  (le\el(jping  guber- 


Fic.  8. — Pig  embryo,  128  mm.,  injected  ami  eleiuvii  (E.  U.  Hill) 
to  show  testis  relations. 

1,  epididymis  ;  2,  origin  of  ciiudal  ligament ;  3,  candul  ligament ;  4,  ductus 
epididymis  ;  6,  inguinal  fold  at  origin  ;  6,  inguinal  fold. 


iiacuhini  "  as  meaning  the  stiMicture  extemling  I'nmi  the  genital  duels  to  that 
])oint  in  the  inguinal  canal  or  scrotum  it  has  developed  to.  This  makes 
the  caudal  ligament  a  .separate structure.  It  is  thus  the  '  de\eloj)ing  guber- 
nacuhnu "  testis  while  the  testis  is  in  its  original  or  early  po.sition.  Its 
peritoneal  portion  is  the  inguinal  fold.  The  term  "developed  guheruaculum  " 
I  shall  u.se  when  the  testis  is  in  the  inguinal  canal  or  .scrotum.  Its  upper 
end  is  in  line  with  the  caudal  ligament  of  the  testis  and  attaches  it 
indirectly  to  the  epididymis  where  the  epididymis  joins  the  vas  deferens. 
The  exact  upper  attachment  of  the  gubernaculuiii   is  always  really  to  tiio 
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epididymis,  and  at  flie  point  wJiere   tlu:  ijlobux  minor  and  vus   dcfcreux 
meet  (Bramann,  Frankl)  (fig.  8). 

When  the  testis  is  passing  into  the  scrotum,  tlie  gubemacuhnii  begins 
to  shrink,  the  involution  of  the  gubernacuhim.  We  should  therefore 
speak  of  it  at  this  time  as  the  involuting  gubernaculum.  Its  traces  pass 
from  epididymis  to  scrotal  base  The  gubernaculum,  when  it  begins  to 
penetrate  the  abdominal  wall,  is  made  up  of  a  peritoneal  roof  like  an 
inverted  V,  has  unstriped  muscle  as  its  important  constituent,  and  also 
connective   tissue.     It    has   at   its    lower   end    cremasteric    striped  muscle 


Vui.  9.— T.S.  enil 


-A 


■/'".<  ntfifol/is.     (VO 


1,  Wciltlian  Imily  ;  i,  iiiguiiial  fold  :  :!,  Miillers  iluut ;  4,  external  oblique  tendon  ; 
5,  inguinal  wedxe.    Wedge  beginning  to  penetrate  into  lymphatic  tissue. 


])assiiig  into  it  rrmn  Ih'Iuw  up,  but  this  is  a  phylogcnetic  relie  of  the 
"conns  inguinalis  "  of  rodents  and  insectivora.  At  the  caiKlal  cud  of  the 
developing  and  penetrating  gubernaculum  there  grows  with  it,  through  the 
abdomiiiiil  wall,  the  internal  obli(|Ur  and  trans ver.sal is  nuiscles,  with  the 
tendon  of  the  external  oblique  in  IVoiit  of  these.  Thus  the  peritoneum  of 
the  inguinal  fold,  the  unstriped  muscle  l)etween  its  folds,  and  tlie  internal 
<)bli(|ue  and  transver.salis  muscles  form  a  penetrating  wedge  whicii,  as  we 
siiall  see  more  clearly  .soon,  invades  a  definite  tract  of  lymphatic  ti.ssue. 
At  a  jioiiit  in  the  anterior  abdominal  wall  to  the  one  side  of  the  top  of  the 
pul)i's,  and  immediately  above  wiinc  the  museles  in  fi-ont  of  the  pelvic  wall 
pass   out    lo   the    hip   bone,  the   inguinal    fold    meets   the    abdominal   wall, 
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without,  however,  penetrating  it.  It  is  then  merely  two  lateral  folds  of 
peritoneum  with  connective  tissue  and  unstriped  muscle  between  them.  A 
little  above  this  we  see  the  developing  gubernaculum  making  its  way  through 
the  wall.  Here  the  peritoneum,  fa.seia,  the  transver.salis  and  internal 
oblique  muscles,  with  the  tendon  of  the  external  obli(iue  in  front,  form 
a  growing  wedge  which  passes  abruptly  up  and  forward  through  the 
abdominal  wall,  towards  the  base  of  the  scrotal  cones.  This  penetrating 
wedge  makes  its  way  at  first  in  the  mesenchymatous  tissue.  Soon,  in  tlie 
succeeding  .sections,  the  internal  peritoneal  opening  is  lo.st,  and  we  now  get 


,     i^- 


Fk:.  10.  — To  show  inguiiinl  wi'dge      (-'','"■) 

1.  tendon  of  external  oblique  ;  2,  wedge  of  transversalis  and  internal  obliqne 
muscles  ;  3,  lymphatic  tissue. 


what  Klaatsch  terms  the  inguinal  bur.sa — the  inguinal  canal  witli  its 
coverings  and  main  contents.  We  .see  the  developing  gubernaculum  on 
section,  with  its  partial  peritoneal  covering,  and  the  part  free  from  it  and 
continuous  with  the  connective  tissue.  Outside,  comes  the  tunica  vaginalis 
and  the  striped  mu.scular  and  fascial  coverings  forming  the  walls  of  tlie 
bursa.  These  .striped  muscular  coverings  will  ultimately  form  the  cremaster. 
The  inguinal  wedge  now  passes  on  near  the  deep  central  lymphatic  sinuses 
without  invading  them  much,  if  at  all,  and  next  passes  acro,ss  the  chain  of 
superficial  sinuses  I  have  described  and  identified  with  those  Or  Sabin  has 
injected  in  the  pig  embryo.  That  the  developing  gubernaeulum  invades 
the.se  sinuses,  there  is  indubitable  evidence.     It  has  been  already  pointed 
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ovit  that  these  superticial  abdominal  sinuses,  higlier  up  than  this  level,  have 
their  inner  ends  joined  by  a  deeply  stained  band  of  connective  tissue  and 
unstriped  muscle,  the  lymph-sinus  band,  thus  forming  with  the  sinuses 
a  continuous  crescent  on  transverse  section.  At  this  lower  level,  where 
the  developing  gubernaculum  is  penetrating  the  superticial  sinuses,  some  of 
these  lie  to  the  outer  side,  while  the  Joining  band  lies  distinctly  to  its  inner 
and  posterior  aspects.  The  developing  gubernaculum  thus  actually  traverses 
the   sinuses.      The  gubernacular  wedge  now  curves  up  to  the  open  base 


Fu:.  II.  -T.S.,  l.o  show  guliern.iciiluiii  ami  croniaster.     ('■',''.) 

1,  gubernacuhim  ;  2,  crenia-ster  with  future  iiij^uiiml  canal  between 
1  and  2  ;  3,  inter-sinus  Imnd  (lisplacetl  by  gubernacular  wedge  : 
4,  lymphatic  sinus. 

of  the  scrotal  cones,  the  un.striped  fibres  alone  radiating  into  the  cones  as 
already  described  (p.  246,  and  fig.  4).  The  tunica  vaginalis  and  the 
cremasteric  fibres  are  now  absent  (figs.  10,  11,  12,  and  13). 

The  developing  gubernaculum  with  the  peritoneum  and  cremasteric 
fibres  thus  forms  the  inguinal  canal  witii  its  tmiica  and  cremaster  by  a 
growth  of  its  wedge-shaped  end  in  the  line  of  lympliatic  tissue  and  lympli- 
sinuses.  The  development  of  the  sinuses  at  this  stage  is  inside  the  outer  I 
edge  of  the  |)yrami(lalis,  and  it  is  then  the  gubeiiiaculum,  with  tlie  as.sociated 
peritoneum  ami  iniisclc,  begins  its  grnwtli.  and  i(s  course  seems  to  Ix 
influenced  l)y  this  local  l^'iiiphatie  area. 
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Dr  Sabiu  states :  "  lu  the  posterior  part  of  the  body  there  are  two 
centres  for  the  radiation  of  the  ducts — fii-st,  over  tiie  crest  of  the  ilium  for 
the  ducts  of  the  back  and  of  the  hip ;  and  secondly,  in  the  inguinal  region 
for  the  ducts  that  grow  into  the  abdominal  wall  and  down  the  leg.  The 
ducts  of  the  anterior  and  posterior  system  anastomose  freely  over  the  b(xij-.'" 

It  is  thus  at  a  certain  stage  of  the  development  of  the  inguinal 
lymphatic  system  that  the  gubernaculum  has  its  way  shown,  and  this 
.seems  to  nie  a  new  and  valuable  fact  in  embryology,  viz.  that  of  lymphatic 


Fli;.  12,  as  in  fig.  11.  — To    show  deep  central 
lymphatic  system.     ('',".) 


.  13. — Guheniaculuin  ill  prefomied  inguinal  rannl. 
Note  its  basal  attachment  lueveiiting  its  acting 
as  a  tractor,     (^f. ) 


liistfibution  influencing  the  line  of  growth  of  other  structures.  80  far, 
then,  we  see  that  in  these  embryos  the  growth  of  the  developing  guber- 
naculum has  not  influenced  the  position  of  the  testes,  as  these  are  still  liigii 
up  in  tlie  abdominal  cavity-.  It  has  formed  tlie  inguinal  canal,  the  tunica 
vaginalis,  and  the  cremasteric  coverings  with  its  fascia!  only :  the 
cavities  of  the  tunica  and  cremaster  are  merely  potential,  not  as  yet  actual. 
The  ne.Kt  point  to  consider  is  as  to  how  the.se  potential  cavities  are 
intluenced  by  the  change  in  position  of  the  te.stes. 

I  have  spoken  of  the  inguinal  wedge  at  the  caudal  end  of  tiie  developing 
gubernaculum  as  growing  in  a  i^'mphatie  tissue  and  sinus  track,  and  tiius 
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forming  tlie  inguinal  canal.  It  is  made  up  of  peritoneum,  striped  muscle  (cre- 
master),  and  with  unstriped  muscle  in  the  peritoneal  fold.  Which  of  these  is 
the  active  one  ?  The  peritoneum  is  usually  considered  to  lead  the  way.  and 
to  push  the  others  before  it,  as  it  were.  I  think  this  wrong,  and  my  reasons 
are  as  follows.  The  round  ligament  has  only  a  little  peritoneal  invagination  : 
the  rest  is  penetrating  unstriped  muscular  tiljre.  Then  again  one  sees  in 
the  developing  gubernaculum,  in  the  appropriate  sections,  the  unstriped 
muscle  radiating  into  the  scrotum  ahead  of  both  peritoneum  and  striped 
muscle.  1  consider  the  unstriped  muscle  the  active  penetrating  tissue.  Its 
occasional  abnormal  course  in  the  human  wall  seems  to  show  this.  We 
thus  get  the  perineal  testicle  in  the  male ;  and  in  the  female  its  perineal 
penetration  gives  an  anomalous  and  very  rare  perineal  hernia  in  women,  as 
in  a  case  described  by  Smyly  and  one  in  my  own  practice.  Here  the 
hernia  comes  down  below  the  lower  end  of  the  labium  majus,  and  is  best 
explained  by  supposing  we  have  here  an  abnormal  burrowing  of  the 
unstriped  muscle  of  the  round  ligament  analogous  to  tlie  abnormal 
burrowing  which  would  be  followed  by  the  testicle  in  the  male. 

Lockwood,  in  his  valuable  memoir,  describes  the  gubernaculum  in  man 
as  having  insertions  in  the  groin,  scrotum,  pubes,  and  root  of  penis.  In  the 
marsupials,  the  pubic  fibres  of  man  are  represented  specially ;  in  the  rodents 
and  insectivora,  the  inguinal  ones ;  and  in  man,  the  scrotal  ones. 

The  question  arises  here  as  to  the  penetrating  power  of  tlie  guber- 
nacular  fibres.  We  know  that  the  early  division  cells  of  the  fertilised 
ovum  in  the  mole  have  a  phagocytic  action,  considered  now  to  be  of  a 
biochemical  nature.  The  action  of  the  gubernaculum  at  any  rate  seems  to 
me  to  be  of  the  same  nature;  but  this  is  a  difficult  point,  and  one  that  I 
suggest  more  as  probable  than  demonstrate  as  actual. 

II.  The  Condition  of  the  Scrotum  and  Inguinal  Canal,  after 
THE  Testes  were  in  the  Inguinal  Canal. 

One  embryo  in  perfect  preservation  was  available  for  this  stage. 
The  sci'otum  iiad  developed  and  separated  so  that  it  projected  from  the 
anterior  wail,  to  whicli  its  base  was  attached:  but  it  was  still  solid,  witli 
tile  gubernacular  fibres  radiating  into  each  half.  The  inguinal  canal  on  eacii 
side  had  undergone  remarkable  changes.  It  was  markedly  dilated,  and 
contained  tlie  testis,  gul)ernaculum,  and  epididymis.  'I'he  inguinal  wedge 
liad  thus  diH'erentiated  and  formed  a  large  and  roomy  sac,  tlie  crema.steric 
.sac,  lined  witii  ])eritoneuiii,  for  tlie  testis.  The  gubernaculum  and  testis 
;irc  tims  (•.iiiil.il  in  the  canal,  witli  tlic  cjiidiilyiiiis  ccplialic  in  tlie  sac 
and  on  a  level  with   the  testis.     To  undcrslanil  these  remarkable  changes. 
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we  must  now  studj'^  the  serial  sections,  at  first,  from  above  down.  No 
lymph-sinuses  can  be  seen  in  the  abdominal  wall,  as  were  noted  in  the 
earlier  enibiyos.  In  the  site  of  the  intjuinal  canal,  high  up,  and  really 
crudal  in  its  topography,  there  is  first  to  be  noted  to  the  outer  side  a  large 
lymphatic  gland  with  some  fat.  Tlien  appears,  to  the  inner  side,  the 
inguinal  canal,  circular  on  section  at  this  level,  with  a  well-marked  striped 
and  unstriped  muscular  wall  and  a  granular  epithelial  lining.  As  we  pass 
down,  the  canal  soon  has  its  transver.se  diameter  wider,  and  its  lining  of  a 


B;.  14. — Inguinal  tana]  with  testis  in  left  canal. 


1'"|G.  15. — Inguinal  ciuals  willi  testo.-. 

I,  testes  ;  2.  Miiller's  duct:  3,  WolfHaii  dint ;  4.  «ulier- 
uaL-uluni :  5,  scrotum  with  gulternacular  fibres  ra<li:itinK  in. 


flattened  endothelial  type.  TJie  testis  next  can  be  .seen  lying  apparentl}' 
free  in  the  canal,'  but  at  a  lower  level  in  the  sections  it  has  the  gubernaculum 
pln.<!  the  caudal  ligament  attached  to  its  caudal  end.  while  at  the  caudal 
end  of  the  canal  there  is  special  thickening  of  the  crema.ster,  of  its  longi- 
tudinal fibres,  below  it.  This  is  an  important  section  and  meritsS  full 
description.  The  inguinal  canals  here  lie  side  bj^  .side  and  are  triangular  in 
shape,  the  long  base  to  the  lower  and  outer  side.  Tlie  gubernaculum  is 
continuous  with  the  epididymis,  attached  at  one  part  near  the  lower  end 
of  the  testis,  with  the  Miillerian  and  Wolffian  ducts  each  at  one  level  and 

'  Mo.st  inoliiibly  the  testes  and  sac  walls  were  in  coulatt  oligiiiall.x ,  ami  Ikvited  <mt  a.s 
the  re.inlt  of  llie  ni'(e.s.sarv  nianipnlalion  in  mounting;. 
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in  a  bulging  thickening.  The  cephalic  part  of  the  epidicljnnis  is  not  shown 
but  appears  in  the  lower  sections.  •  'Die  gubernaculuin  testis,  at  its  lower 
insertion  in  the  canal  here,  runs  up  a  little  on  its  walls,  so  tiiat  its  caudal 
attachment  between  peritoneum  and  cremaster  is  really  a  concave,  disc-like 
one,  on  section  like  an  anchor  (figs.  14,  1.5,  and  16). 

The  septum  between  the  two  inguinal  canals  is  well  developed,  with 
unstriped  muscle  in  the  lower  half,  fatty  tissue  in  the  upper  (tigs.  15  and  16). 

Lower  down  in  the  sections  a  uniijue  point  is  to  be  noted,  viz.  an  opening 


KlG.  16  as  in  lio.  15. — Sliow.s  union  of  cremaster  ami  f^uliernaculiiiii.     (-'i".) 
1,  cn-inaster  ;  2,  gubernaculuni. 

in  the  upper  and  outer  wall  of  the  canal  where  the  testis  must  have 
pas.sed  into  the  canal,  or  the  canal  developed  up  over  the  testis.  Here 
a  fold,  the  diaphragmatic  fold,  is  continuous  with  tlie  outer  boundary  of 
the  peritoneal  cavity.  The  edges  of  the  aperture  are  thinned  and  pointed, 
and  not  in  any  way  ragged,  and  give  the  im|)ression  of  a  gradual  thiiniing 
and  not  of  an  ai-tefact  (fig.  17 ). 

The  cretitantcr  is  well  devel(i]i(Ml.  In  tlif  culier  ciiibryos,  wiiere  the 
jiiimitive  inguinal  canal  is  being  iDruirii,  it  \\,in  noted  that  tiie  developing 
gubernaculum  had  in  front  of  it  llie  inlcriuil  obli<|Ue  and  transversales 
nni.scles,  with  the  tendon  of  the  external  obliipie  in  advance.  In  the 
present  specimen  the  cremaster  surrounds   the   dilated   canal   in    its  whole 
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periphery,  witli  special  tliickenings  at  the  cephalic  and  caudal  ends.  It 
arises  as  follows.  A  little  to  the  outside  of  the  top  of  the  marsupial  bone, 
the  combined  internal  oblique  and  transversales  muscles  split  into  two 
lamella?,  the  inner  passing  along  the  upper  wall  of  the  canal,  the  outer  round 
the  outer  wall  to  meet  its  fellow  and  thus  line  tlie  canal.  The  fibres  pass 
up  above  their  origin,  as  the  pouch  end  of  tlie  inguinal  canal  is  up  in  the 
abdominal  wall  considerably  abo\e  the  internal  ring.  Outside,  the  cremaster 
has  a  fibrous  covering  derived  in  its  lowei-  aspect  from  the  fibrous  ti.ssue 


.  17. —  Inguinal  canal  with  opeuino;  above  com- 
munii'ating  with  peritoneal  cavity.  Note 
thirkeninsj  of  cremaster  at  lower  cini.     ('',".1 


Fin.  18. — Shows  caudal  end  of  creniiistei- 
thickening  (1).     (*?".) 


outside  the  transversales.  If  now  we  compare  the  primitive  inguinal  ciinal 
with  the  developed  one  containing  the  testis,  the  following  points  are 
worthy  of  notice.  When  the  primitive  canal  is  being  formed,  the  testes  are 
high  up  in  the  abdoiiien.  on  th<'  inner  side  of  the  Wolffian  body,  whicli  is 
still  huge.  From  tlie  caudal  end  of  the  epididymis  the  caudal  ligament 
passi's  down  to  a  |i(iint  mi  the  inner  aspect  of  the  genital  ducts:  and  from  a 
point  in  the  genital  duct  wall  oppo.site  this  the  inguinal  fold  of  tlie 
gul)ernaculum  ari.ses,  passes  to  the  internal  abdominal  ring,  sends  it.s 
growing  fibres  along  the  inguinal  lymphatic  tiack,  to  end  in  the  scrotum 
and  thus  complete  the  gubernactdum  (fig.  X). 

When    the    testis    is    in    the    developed    inguinal    canal,    the    a]>parent 
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tfubernaculum  (developed  guliernacnilum )  reaeheH  I'roiii  near  the  caudal  pole 
of  the  testis  to  the  base  of  the  scrotum,  but  reall}'  represents,  from  above 
down,  the  caudal  ligament  of  the  testis  and  the  gubernaculiim.  The  testis 
has  the  mesepididymis  with  whioli  the  primary  mesorchium  has  blended 
attaching  it  to  the  scrotal  wall.' 

A  very  important  point  is  that  the  inguinal  canal  has  increased 
markedly  in  size,  that  the  testis  lies  in  it  loosely  with  room  to  spare.  In 
till'  piiiiiitive  inguinal  canal   and  in  the  peritoneal  cavity  the  developing 
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Fli!.  19. — Testis  (2)  and  primary  musurchium  (3)  witli  Wolffiiin  body  (4). 
The  secondary  mcsorcliium  is  formed  by  union  of  3  and  4  wlien  lattiT 
shrinks;  1,  kidney.      Mriernpnx  nificnllis.     {""'-.) 

gubernacuhnii  was  an  attached  structui'e  with  only  part  of  its  periphery 
covered  bj'  peritoneum,  and  therefore  unfitted  to  act  as  a  tractor.  'I'lie 
same  holds  good  of  the  testis  and  guhernacuhun  when  the  testis  is  in  tiie 
inguinal  canal  or  sci'otum.  The  testis  has  its  .secondary  me.sorchiuni,  and 
the  guhernaculum  also  has  its  attached  aspect;  the  latter  can  tiius  not  act 
as  an  actual  tractor. 

'  Thi-rr  is  thus  a  ]priniilivc'  incsun-liiuni  wliih'  ihr  Wohliaii  Imilii's  luv  .still  piv.si-nl ;  but 
wlii'n  llii'sc  iUrnpliy,  llirif  iiL-riluiiiMl  felds  or  nu'srnli-rv  iiicseiiididvniis  — blclid  willi  tin- 
incsonliiuiii  imd  lluis  fnrni  wlial  \\v  may  lall  the-  "somndarv  nr  ordinary  nirsonliiiini  "  of 
lliu  .surjji-oii.  Loi'kwood  Icrnis  it  tin'  nifsori'liinni,  bill  llie  term  socondiiry  nu'.soirliiniu 
recalls  it8  strict  origin. 
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III.  The  Mechanism  of  the  Descent  of  the  Testes  as 

SHOWN    IN    THE    PRESENT   SPECIMEN'S. 

I  wisli  now  to  explain  liow  the  descent  of  the  testes  has  taken  phice  in  the 
marsupial  embryos  examined.  Two  of  the  .specimens  showed  the  testes  in 
the  abdomen  and  the  primitive  inguinal  canal  formed.  In  the  third  the 
testes  wei-e  lying,  each  in  the  much-expanded  inguinal  canal.  The  .scrotum 
was  present  but  solid. 

We  have  to  consider  the  descent  in  three  stage.s: — 

{a)  The  change  in  position  of  the  testr's  so  that  they  lie  at  the  internal 
abdominal  riwf. — I  have  no  marsupial  specimen  to  show  this,  but  it  has 
been  described  in  the  human  and  other  foetuses,  and  is  not  a  difficult  one  to 
clear  up,  nor  one  on  which  much  difference  of  opinion  exists  Wlieu  the 
Wolffian  Iwdy  in  great  part  disappears,  the  testis  naturally  occupies  its 
position,  and  thus  sinks.  The  testis  in  the  first  two  specimens  lies  to  the 
inner  and  upper  .side  of  tlie  Wolffian  body,  and  thus  guided  by  the  inguinal 
fold  comes  necessarily  to  lie  at  or  near  the  internal  opening  of  the  inguinal 
canal.  No  traction  by  the  inguinal  fold  or  by  the  rudimentary-  inguinal 
coiuis  (  r.  V.)  is  neces.sary  to  explain  this  movement.  Probably  when  actual 
intermediate  stages  are  examined  it  may  be  found  not  to  be  a  mere 
descent  all  the  time ;  there  may  be  a  temporary  stage  of  a.scent,  indeed,  as 
in  the  human  fit^tus  :  but  practically  we  may  consider  what  I  have  described 
as  probably  correct. 

(/>)  Passaf/e  of  the  testis  into  the  inguinal  canal. — This  is  a  much  more 
ditficult  stage  to  explain,  but  I  hope  to  make  it  fairly  clear.  First  I  must 
notice  that  the  third  .specimen  shows  an  unusual  condition  of  the  developed 
inguinal  canal,  viz.  that  there  is  an  opening  in  its  upper  wall  to  the 
inner  side  of  the  diaphragmatic  fold.  I  have  already  stated  that  I  do  not 
think  this  opening  has  been  artificially  made  in  cutting  the  .sections,  as  its 
edges  taper;  but  luitil  it  is  confirmed  I  do  not  insi.st  on  it  as  normal  in 
the  specimen.  It  makes  no  difference  in  the  explanation  of  the  change 
in  po.sition  of  the  testes  whether  they  pass  !>}•  this  opening  or  cia  the 
proces.sus  vaginalis.  The  important  point  is  the  enlarged  condition  of  tlie 
inguinal  canal.  It  is  relatively  much  largei-  than  the  testis  in  it.  At  its 
highest  and  caudal  point,  and  out.side  it,  as  I  have  shown,  a  lymphatic  gland 
lies,  and  this  and  the  fat  round  it,  is  the  natural  result  of  its  development 
in  a  lymphatic  tract ;  the  increase  in  size  has  been  due  to  growth. 

Now,  the  reason  the  testis  lies  in  the  inguinal  canal  is  not  that  it  has  been 
ilrawn  into  it,  but  that  the  inguinal  canal  has  grown  .so  large  as  to  surround 
it  :  that  is,  the  inguinal  canal  has,  as  it  were,  ascended  to  the  testis  and  thus 
become  its  temporary  home.     It  is  thus  not  so  mucii  an  actual  descent  of 
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the  testis  into  the  inguinal  canal  at  this  stage,  as  an  nscpiit  of  the  inguinal 
canal.  All  the  specimens  of  marsupials  at  this  stage  figured  by  Katz  and 
Klaatsch  show,  as  my  one  does,  the  relatively  great  enlargement  of  the 
canal  to  the  testis.  In  my  specimen  the  testis  now  lies  in  the  canal 
uncovered  by  peritoneum,  but  with  genu  epithelium  in  single  layer  as  its 
outer  envelope.  Above,  it  is  suspended  by  the  representative  of  the 
diaphragmatic  ligament :  below,  it  has  the  developing  gubernaeulum 
attaching  it  to  the  lower  end  of  the  inguinal  canal ;  and  it  has  a  mesenterj\ 
the  blended  mesorchium  and  mesepididj-mis,  i.e.  the  secondary  mesorchium. 
We  have  an  analogous  process  in  the  stages  of  the  relations  of  the  female 
pelvic  organs  to  the  brim  of  the  true  pelvis.  In  tiie  fcetus  the  uterus  and 
bladder  lie  above  the  level  of  the  pelvic  brim ;  afterwards,  in  the  adult 
female,  they  lie  below  its  level.  Thej-  have  not  descended  or  been  drawn 
down,  but  in  the  development  of  the  bony  pelvis  the  brim  nf  the  true 
pelvis  grows  above  them. 

The  same  is  seen  in  regard  to  the  spinal  cord.  In  the  early  embryo 
the  spinal  cord  is  seen  in  the  lower  end  of  the  .spinal  canal :  afterwards  its 
lower  end  is  much  higher,  a  change  due  to  disproportionate  growth. 

It  will  be  .seen  that  I  have  not  given  prominence  to  traction  of  the 
gubernaeulum  as  an  important  cause  of  de.scent.  I  do  not  because  it  is 
unnecessary  and  unlikely.  The  gubernaeulum  in  the.se  specimens  has  only 
unstriped  nuiscle :  it  has  an  attachment  to  the  wall  of  the  canal  nearly  in 
all  its  length,  is  not  attached  directly  to  the  testis,  and  is  not  a  cord,  free 
at  its  periphery.  It  is  thus  not  likely  to  be  muscularly  active  in  a  dynamic 
or  change-of-po.sition  sen.se.  One  cannot,  of  course,  deny  that  it  is  not 
active  to  a  certain  extent,  but  its  activity  has  not  been  prove<l  and  has 
been  exaggerated. 

((■)  P<(ss(t(/e  of  the  tcstifi  into  the  ncrotwm. —  In  my  specimen  the  testis 
was  in  the  inguinal  canal  and  the  scrotum  was  solid.  The  scrotum  wa-s  in 
cour.se  of  being  canalised,  however,  as  the  unstriped  nni.sde  of  the  guber- 
naeulum was  rafliating  into  it,  and  peritoneum  and  crema.ster  were  acting 
with  it.  Tlie  soliil  scrntuin  would  thus  .soon  have  its  cavity  lined  with 
pi'ritoneuni.  and  the  testis  in  it. 

How  would  the  testis  get  into  liie  scrotum  .'  No  doubt,  as  the  scrotum 
becami!  invaded  liy  tin;  growing  gul)ei-naculum,  the  testis  wouhl  neces.sarily 
lie  lower  ami  enter  it,  a  change  permitteil  by  its  slack  mesentery — would  be 
carried  into  it  with  the  involuting  gubernacidum.  Here  again  muscular 
action  of  tiie  unstripe(l  mu.scle  of  the  gubernaeulum  may  be  invoked  as  the 
gubernaeulum  is  shrinking.  But  it  does  not  .seem  to  me  to  be  an  iinj)ort-ant 
factor.  The  whole  descent  seems  to  me  to  take  place  i)y  a  series  of  growth 
procesaes.     The   .second    stage    is    best   explained    as   an    une(|ual    growtli 
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]ihenonienou  ;  the  third  as  due  to  gubernacular  shrink ing- :  but  here  those 
who  believe  in  muscuhir  guberiiacular  action  may  dissent.  The  dis- 
appearance of  tlie  Wolffian  bodies,  the  directing-  action  oi  the  ji;ubernaculuni 
— tlie  rudder  more  than  tlie  tractor — the  disproportionate  and  marked  j^rovvth 
of  the  inguinal  canal,  and  the  final  involution  of  the  gubernaculum  :  the 
play  to  the  testis  afforded  by  the  diaphragmatic  fold  and  the  secondaiy 
uiesorchium,  its  mesentery, — all  these  acting  in  series  or  in  conjunction  seem 
to  me  to  account  for  the  altered  position  of  the  testes. 

In  the  marsupial  it  is,  at  its  last  .stage,  an  ascent  into  the  scrotal  ])ouch, 
although  on  the  whole  it  is  a  descent  tVom  its  primitive  position. 


{To  be  vuntinai'd.) 
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PART  II.— Descent  in  M.\n. 

IV.  The  De.scent  of  the  Te.ste.s  in  the  Hi'max  Fa':Tu.s. 

We  are  not  yet  in  a  position  to  explain  descent  tlioroughly,  but  witli  a 
di.stinct  approach  to  tliis.  Tlie  tirst  naked-ej-e  and  comparative  woi-k  wa.s 
done  after  Haller  hy  John  Hunter  in  his  well-known  paper  publi.slied  in  1786. 
Since  tliat  time,  papers  on  the  subject  have  been  spar.se  in  Great  Britain, 
with  the  exception  of  tho.se  by  Cooper  (1830),  Cleland  (1856),  Owen  (1868), 
and  Lockwood  (1888).  Thus  in  the  literature  summarised  by  Frankl  in  his 
l)aper  in  1900,  121  references  are  given,  but  of  these  onlj-  three  are  Britisli 
(Cooper,  Owen,  Cleland):  and  Lockwood,  the  most  recent,  is  not  quoted. 

On  the  other  hand,  research  has  been  abundant  in  (ierman\-,  less  .so  in 
France,  and  important  papers  have  been  written  by  Braniann  ( 1884),  F'rankl 
(1895-1900),  Katz  (1882),  Klaatsch  (1890),  Nagel  (1891),  Weil  (1S84), 
Weber  (1886),  and  by  others. 

While  one  recognises  in  Hunter's  paper  leonem  e.v  nngue,  a  large 
amount  of  comparative  and  microscopic  woi'k  has  been  done  abroad  since 
liis  work,  and  very  little  if  any  has  crept  into  our  text-books  and  teaching. 
The  reasons  for  this  are  that  in  the  first  place  the  idea  that  the  abdominal 
wall  was  unbroken  until,  at  the  earliest,  the  8rd  month,  and  that  at  or 
about  the  7th  month  the  testes  were  drawn  into  tlie  inguinal  canal  and 
.sci'otum  b^^  the  gubernaculum,  deriving  their  coverings  during  this  progress, 
was  lield  bj'  many  as  a  sutHciently  exact  account  of  the  matter,  although  in 
.se\  ei'al  of  our  text-liooks  tlie  description  of  a  preformed  canal  is  mentioned 
so  far  as  its  peritoneal  and  e\en  its  muscular  elements  are  concerned. 

Then,  again,  an  evident  inaccuracy  is  present  in  all  British  and  American  text- 
books aiul  most  foreign  ones,  viz.,  tlie  description  of  the  testes  as  lyinj;  at  fir.st 
cxtraperitoneally  in  tlie  alnlonien  and  pa.ssing  down  into  ttio  .scrotum  oxtraperitoiie- 
ally,  either  l)y  nni.sculav  traction  purely,  or  by  the  aid  of  n\utnal  uncipial  growtli  of 
inguinal  canal  and  gubernaculum,  so  tliat  after  the  obliteration  of  the  processus 
vaginalis  we  find  a  peritoneal  covering  to  the  testes  (tunica  serosa)  and  a  )ieritoneal 
lining  to  the  scrotum  (tunica  vaginalis).     This  mechanism  is  descrilied  in  order  to 
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give  a  peritoneal  covering  to  the  testis.  I  need  not  criticise  tliese  statements  in 
detail,  but  may  shortly  say  that  :  (1)  The  testes  in  the  abdomen  of  the  foetus  are 
not  covered  by  peritoneum,  but  by  germ-epithelium.  (2)  The  testes  are  not  extra- 
peritoneal in  the  abdomen  after  the  Wolffian  bodies  have  involuted,  but  have  a 
distinct  mesentery,  in  the  main  developed  from  the  diminished  Wolffian  structures. 
(3)  In  the  scrotum  the  testes  are  not  covered  by  peritoneum.  If  they  were,  the 
peritoneum  would  strip  off  as  it  does  from  a  tumour  such  as  the  epoophoritic  (par- 
ovarian) developing  in  the  broad  ligament.  (4)  The  testes  in  the  scrotum  are  really 
covered  with  involuting  germ  epithelium  as  the  ovary  is  (Frankl,  Hoffmann). 
(5)  However  the  human  testes  get  into  the  scrotum,  their  route  is  rid  the  processus 
vaginalis,  into  the  tunica  vaginalis,  and  then  the  processus  becomes  obliterated. 
.John  Hunter  says  this  distinctly.     I  came  to  this  conchision  during  the  study  of 


Fl<;.  20. — To  show  usual  View  of  Descent 

and  its  Rrrors.     (Frankl.) 
(,  testes;  /*,  peritoneum  ;  6,  proc.  vag.  open  ;  S, 
scrotum.    The  lower  h  shows  obHternted  proc.  vag. 


Fl<;.  21  — To  show  more  exact  View  of 

Descent,     (Frankl.) 
..    vas.    def.  ;    (,    testes    covered    with    germ- 
epithelium;    K,    epididymis;    /',    peritoneum; 

s,  scrotum. 


my  specimens,  and  was  beginning  to  verify  .some  (loiiits,  but  found  it  unnecessary  to 
do  so,  on  noting  in  the  course  of  reading,  that  Frankl  in  1895  showed  clearly  that 
"the  testis  has  a  peritoneal  envelope  (the  tunica  vaginalis),  but  not  a  peritoneal 
covering." 

He  points  out,  too,  that  Hoffinann  (in  the  Quain-Hoffmaiin  Anatomie,  Eriangen, 
1870)  drew  attention  to  this  fact  and  showed  the  similarity  of  the  testicular  outer 
covering  to  the  ovarian  one. 

Frankl's  jiajier  is  of  groat  interest,  lie  shows  that  tlie  testis,  like  the  ovary,  is 
not  extraperitoneal,  but  covered  by  germ-opithclitim.  Tlio  fu'tal  testis  in  the 
scrotum  is  covered  by  low  columnar  epithelium  -  a  contrast  to  the  siiuaiiious  endo- 
thelium of  th(^  adjacent  (tarietal  layer.  He  shows  that  the  descent  of  tlie  testes 
must  occur  tlirough  the  processus  vaginalis,  and  tliat  then  only  the  epidiilymis  and 
inner  wall  of  the  .scrotum  are  covered  by  peritoneum  ;  the  testes'  outer  ci>verinp  is, 
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as  alreaily  said,  involuting  germ  epithelium.  There  is,  indeed,  an  evident  naked-eye 
boundary  between  testes  and  epididymis,  corresponding  to  the  well-known  wliite  line 
of  Farre  in  the  ovary.     This  makes  the  explanation  of  the  descent  very  much  easier. 

We  may  now  consider  tlie  question  of  how  the  testes  descend  in  tiie 
human  embryo.  I  base  this  account  on  my  own  specimens  and  on  the  facts 
given  b}^  Bramann,  Weil,  Ebertli,  Lockwood,  Klaatsch,  and  Frankl.  The 
papers  of  these  observers  are  of  the  greatest  value.  In  Wiedersheim's  work 
the  description,  so  far  as  it  goes,  is  excellent  and  sugge.stive. 

We  may  consider  descent  of  the  te.stes  in  man  under  the  following 
heads : — 

((f)  The  development  of  the  testes  in  relation  to  the  Wolffian  bodies  in 
the  earl3-  embryo  (about  4th  week). 

(b)  The  development  of  the  preformed  inguinal  canal. 

((•)    The  abdominal  changes  in  po.sition  of  the  testes. 

{(1)  The  passage  of  the  testes  into  the  inguinal  canal  and  scrotum. 

(a)  The  Developnienf  of  tin'  Testes  in  rckition  to  the  Wol^an  Bodies. 

I  need  not  go  into  detail  on  this  point,  but  onlj^  mention  facts  relevant 
to  the  in([uiry.  Details  of  this  earlj'  development  are  well  given  by  Lock- 
wood  and  in  all  text-books  of  embryology.  The  testes  deveK)p  on  the  inner 
aspect  of  the  Wolffian  bodies,  have  a  short  mesorchium,  and  are  recognisable 
as  such  to  the  naked  eye  bj^  the  5th  week.  When  the  Wolffian  bodies 
atrophy,  usually  about  the  2nd  month,  this  primary  me.sorchium  of  the 
testes  is  amplitied  by  the  Wolffian  mesentery,  and  we  thus  get  a  secondary 
mesorchium.  At  this  time  (2nd  to  -Srd  month)  the  testes  lie  in  the 
abdominal  cavitj-. 

{Ii)  The  Development  of  the  Preformed  Inguinal  Canal. 

The  material  for  determining  this  point  is  not  great  in  the  human  male 
fii'tus.  but  we  have  microscopic  (serial  sections  in  the  main,  by  Weil, 
Klaatsch,  and  Frankl)  as  well  as  serial  sections  of  two  human  female 
embryos  (5th  and  6th  to  7th  week)  in  my  pos.se.ssion.  If  we  summarise 
tiiese  as  to  sex  and  age,  they  are  as  follows : — 

M.\LE. — In  a  145  mm.  embryo  (Frankl,  measurement  from  head  to 
breech)  approximateh'  25  to  2S  days,  the  caudal  end  of  the  Wolffian  IhmIv 
and  that  of  the  Wolffian  duet  are  placed  at  the  abdominal  wall  :  no  inguinal 
lold,  i.e.  gubernaculum,  is  pi-esent. 

In  a  16  mm.  embryo  (28  days)  the  same  conditions  are  pre.sent. 

In  a  2S-5  mm.  embryo  (5th  to  (ith  week)  we  have  a  marked  change 
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(fig.  22).  There  is  not  only  an  inguinal  fold  but  a  beginning  processus 
vaginalis.  The  inguinal  fold  has  begun  to  penetrate,  and  a  peritoneal 
dimple  has  formed.  The  transverse  and  internal  oblique  muscles  are 
distinctly  seen,  but  are,  as  yet,  not  beginning  to  penetrate,  with  the  peri- 
toneum and  gubernaculum,  as  a  wedge,  througii  the  abdominal  wall.  Into 
the  base  of  the  inguinal  fold  a  few  striated  muscle  fibres  have  radiated. 
The  aponeurosis  of  the  external  oblique  is  also  shown  unbroken. 

In  a  4  cm.  and  4-8  cm.  embryo  (3rd  month)  the  peritoneal  dimple  was 
no  deeper. 

In  an  S  cm.  embryo  (^rd  iiiontli),  Frankl  figun-s  the  gubernaculum 
passing  through  the  abdominal  wall  and  presenting  in  the  main  the  appeai- 


Fk;.  22. — Trans,  section  tlirough  the  liody-wall,  proc  vaginalis,  inguinal 
fold,  anil  sexual  gland  of  a  male  embryo,  28'5  mm.  head-breech 
diameter.  The  mass  of  cells  at  11  is  traversed  by  muscular  fibres. 
1,  Wolffian  body  ;  -i,  testis  ;  3,  diut  of  Sillier  ;  4,  Wolffian  duct ;  5,  inguinal  fold  ; 
6,  ji.v.  peritonei;  7,  ni.r.  abdominis;  8.  m.  trans,  abd. ;  i>,  ni.  ol)l.  uterua; 
10,  aponeurosis  ni.  obi.  extern.  ;  11,  ma.ss  of  cells.    (Frankl  and  Eberth.) 

ance  I  I'mnid  in  tlie  M<iero/ius  fujii-dUls  specimens  (tigs.  11  to  13).  He 
divides  the  developing  guberaaculum  into  three  portions:  an  abdominal 
portion,  a  vaginal  portion  (in  the  peritoneal  dimple),  and  an  infravaginal 
portion  below  the  level  of  the  peritoneal  dimple.  It  is  into  the  last  only 
that  striated  iimsijc  ladiatrs  lidiu  brlow,  the  analogue  of  the  conus  iii- 
guinalis  ( r.  \'.,  section  (jii  l'h\logeiiy ),  and  forms  really  what  has  been 
described  as  the  ascending  fibres  of  tlie  crema.ster.' 

Klaat.Hch,  in  an  .S  cm.  embryn,  figures  these  ascfiidiiig  fibres  as  well 
marked,  and  indeed  as  I'oiining  by  ;in  inversion  of  the  gnbernacidmn 
into  the  peritoneal  cavity  a  stiiictuii'  i|uite  comparable  with  the  conu> 
inguinalis  of  rodents;  and  in  fact  in  the  17  cm.  einbr\'o  lie  figures  tiu' 
processus  vaginalis    as   obliti'iated   (shuwn  in    S  em.,   11   cm.,  15  cm.,  and 

'  'I'liis  division  nf  the  giibernaculmii  comes  ui>  ."iieciallv  iindiT  llie  cliniige.-'  at  the 
Till  nioiilh. 
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17  em,  (4tli  month)  f(etuses).  He  would  thus  make  the  processus  vaginalis 
be  present  as  an  inversion  of  this  conus  in  the  17  cm.  embryo.  Frankl 
eritici.ses  this,  and  indeed  it  is  evident  that  the  peritoneal  dimple  or  fcssette 
is  formed  in  25  mm.  embiyos  by,  or  along  with,  the  passage  of  the  guber- 
naculum  through  the  abdominal  wall. 

As  the  sections  of  the  Fi-ankl  S  cm.  embrj'o  are  followed  down,  we  see 
how  the  processus  is  formed  by  the  penetration  of  the  double  crescentic 
peritoneal  folds,  and  finally  at  the  lowest  sections  we  come  on  the  end  of 
the  developing  gubernaculum,  uncovered  by  peritoneum,  and  with  the 
cremaster  on  all  its  aspects  but  the  lowest.  At  or  about  this  time  (10  cm. 
embryo)  the  gubernaculum  increases  in  size,  mainly  by  growth  of  its 
connective  tissue  elements,  and  at  this  period,  too,  the  external  abdominal 
ring  has  formed. 

In  the  12  cm.  emlnyo  {4th  month)  the  gubernaculum  is  deeper  and  the 
testis  is  at  the  internal  abdominal  ring. 

In  the  19  cm.  embryo  (5th  month)  the  gubeniaculuni  thickens  and 
lengthens,  and  the  testis  rises  a  little  from  the  internal  ring — a  real 
ascensus. 

In  the  23  cm.  embryo  (5tli  month)  tiie  processus  vaginalis  is  deeper,  and 
in  the  neighbourhood  of  the  pars  vaginalis  of  the  guliernaculum  there  is 
striated  niu.scle,  and  more  of  it  in  the  infra  vaginal  portion.  This  thickening 
of  the  gubernaculum  may  dilatt'  the  processus  vaginalis,  but  probably  there 
is  a  combined  growth  of  the  two. 

At  the  end  of  the  5th  month  and  beginning  of  the  6th,  the  aponeunxsis 
of  the  external  obliijue  and  the  cremaster  fascia  are  everted  along  with  the 
gubernaculum,  which  is  now  at  the  entrance  to  the  scrotum.  The  guber- 
naculum is  shorter,  and  striated  muscle  fibres  (vertical  and  circular)  are 
present  in  the  infravaginal  portion. 

It  must  be  noted  that  the  ages  of  the  embryos  given  are  based  on 
measurements,  are  difficult  to  give  exactly,  and  are  therefore  only 
approximate. 

There  is  thus  ctimiildt'  crUlencr  thiif  in  llic  human  embryo,  prior  to  the 
jKi.ssMje  of  the  ti-.sti-s  through  llir  ubdiiininol  wall,  there  is  a  preformed 
nu/uinal  canal,  (hw  to  a  passage  of  the  peritoneum,  (jubernaruliim,  and 
Irnisverse  and  oblique  muscles,  to  fhr  outer  side  of  the  rectus.  f<)rward.-< 
iind  inwards  towards  the  scrotum. — It  liappensas  in  the  mar.supial  embryo, 
with  the  difference  that  the  gubernaculum  contains  .scrotal,  not  abdominal 
UMstriped  tibrt's,  and  that  the  marsupial  scrotunt  is  suprapubic  and  not 
perineal  as  in  man.  None  of  Frankl's  or  Klaatsch's  drawings  show  lym- 
phatics, but  this  is  proliably  merely  an  omi.ssion.  I  found  them  in  relation 
to  the  developing  round  ligament,  as  I  shall  explain  in  a  suKse(iuent  paper. 
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(c)  Tlic  Abdominal  Changca  in.  Position  of  the  Testes. 

'^riiese  have  been  given  with  great  accuracy  and  clearness,  so  far  as 
dissection  can  go,  by  Braniann,  wlio  examined  forty  specimens,  and  his 
results  may  be  briefly  summarised  as  follows  : — 

In  a  specimen  at  the  end  of  the  2nd  or  beginning  of  the  Srd  month,  the 
testes  3  mm.  x  I'S  mm.  were  about  1  mm.  from  the  internal  abdominal  ring. 
Behind  them  lay  the  epididymis  :  the  vas  deferens  ran  in  a  horizontal 
direction  to  the  bladder.  From  the  point  where  the  vas  deferens  issues 
from  the  epididymis,  or,  as  Frankl  puts  it,  at  the  junction  of  the  globus 
minor  and  vas,  the  gubernaculum,  1  mm.  long  and  5  nnn.  broad,  passed  to 
the  internal  ring,  where  there  was  a  shallow  peritoneal  depression — the 
beginning  of  the  processus  vaginalis. 

At  the  end  of  the  Srd  month  or  tjey inning  of  the  ith,  the  testes  lay  lower 
and  at  the  region  of  the  internal  abdominal  ring.  The  testes  were  4  mm- 
X  2  mm.  in  a  14  to  15  weeks'  embryo,  and  close  on  the  internal  ring,  with 
an  inguinal  fold  ^  nun.  long.  The  inesorchium  was  longer,  and  allowed 
mobility  to  the  testis. 

After  this,  the  testes  ascend  somewhat,  owing  to  the  increa.se  in  length 
and  thickness  of  the  developing  gubernaculum — its  length  and  breadth  at 
this  period  (IStli  to  16th  week)  being  about  1  to  3  mm.  by  h  to  1  mm. 
(average  in  seven  specimens). 

At  the  end  of  the  ith  or  begin  n  i ng  of  the  5tlt  niontli,  tlie  testes  arc  larger 
(.5i  mm.  x3|  mm.),  the  me.sorchium  is  longer,  and  the  upper  portion  of  the 
epididymis  has  a  mesepididymis  (mesorchiagogos  of  Seller).  The  guber- 
naculum measures  3  to  2  mm.  in  length.  By  dissection,  from  without,  in 
the  region  of  the  external  abdominal  ring,  and  removal  of  skin,  superficial 
fa.scia  and  aponeurosis  of  external  obliijue,  one  can  see  white  fibres  issuing 
from  the  external  I'ing,  and  these  pass  to  the  external  obli(iue  aponeurosis. 

Up  to  the  end  of  the  Gth  month  the  gubernaculum  seems  to  have  attained 
its  highest  development,  its  length  being  from  3  to  S  nun.,  and  its  breadth, 
a  little  below  tiie  testes,  2  to  4  mm.  The  pi-ocessus  vaginalis  is  al)i)ut  3  tn 
3^  mm.  deep,  and  its  entrance  admits  a  tine  .sound. 

At  the  beginning  of  Ihr  llli  nmnlli  the  real  descensus  begins.  Tlir 
testes,  whicli  were  5  to  S  min.  from  the  internal  ring,  now  approach  it,  ami 
the  inguinal  fold  is  shorter,  the  processus  vaginalis  dci  pci-.  .so  tliat  a  .sound 
can  be  pas.scd  to  the  aponeurosis  of  tlii'  external  oblii|U('.  The  testes,  as  the 
age  of  tlie  fo'tus  increases,  still  deseeinl,  and  now  j)ass  to  near  the  internal 
ring,  and  the  processus  vaginalis  now  ludjeets  from  the  external  ring. 
coxeird    liyllie   external    apiine\ir(isis,  a    lidllnw  eylindiieal   strueture   (!  inni. 

X   4    lUIM. 
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If  the  aponeurosis  and  peritoneum  Ije  incised  we  now  come  on  the 
peritoneal  sac,  and  can  see,  on  the  posterior  wall,  the  trubernaculum  about 
12  mm.  long,  projecting  into  the  sac-lumen  for  about  li  mm.  without  a 
mesentery,  and  reaching  from  the  epididyniis  (where  the  globus  minor  meets 
the  vas  deferens,  according  to  Bramann  and  Frankl)  to  the  base  of  the 
inguinal  canal. 

In  the  7i  month  the  testes  are  now  in  the  inguinal  canal,  the  gubei-- 
naculum  shorter ;  and  when  they  pass  the  exteraal  ring,  the  peritoneal  sac 
is  covered  by  the  unpenetrated  aponeurosis  of  the  external  obli(|ue,  and  the 
tibres  of  the  internal  oblique  and  transver.salis.  The  lower  end  of  the 
peritoneal  sac  is  attached  to  the  fascia  superticialis,  and  not  united  to  it  by 


Flc:  23. — Position  of  testes  to 
ligt.  inguinal  and  pioc. 
vaginalis  in  a  7th  month 
fcetus. 

1,  testis :  2,  peritoneum  ;  3,  mus- 
cles ;  4,  ligt.  ing.  (gubernacu- 
lum) ;  .5,  ext.  obliti. ;  6,  cre- 
master  ;  7,  vaginal  part  of  O.  ; 
8,  infravaginal  part  of  G. 
(Frankl  and  Elterth.) 


Klfi.  "it. — Ueojjening  of  proc. 
vag  anil  approach  to  base 
of  scrotum  :  8th  month 
fcetus. 

1 ,  peritoneum :  2,  muscles  ;  3. 
external  oblique ;  4,  testis ; 
5,  gubernaculum ;  6,  crem- 
aster ;  7,  serotum  ;  8,  vaginal 
portion  of  G.  (Frankl  and 
Elierth.) 


Fig.  25. — Shortening  of  vag- 
inal part  of  guheruaculum 
in  Sth  month  fcetus. 

I,  peritoneum  ;  2.  muscles  ;  S,  alid. 
ext.  ;  4,  testis  ;  5,  cremaster  ; 
6,  gubernaculum  :  7,  scrotum  ; 
S.  vaginal  portion  of  G. 
(Frankl  and  F:berth.) 


a  rudiment  of  the  guljernaeuiuui.  The  tibres  ot  the  gubernaculum  bioiid 
with  the  tissue  of  the  processus.  This  is  also  what  I  have  found  iu  the 
marsupial  embryo  when  the  te.stis  is  in  the  inguinal  canal.  In  fact  the 
gul)eriiaculum  then  spreads  out  a.s  a  thin  layer  between  peritoneum  aiul 
cremaster  (tig.  16).     The  testes  at  Itist  pass  into  the  scrotum. 

The  changes  beginning  about  this  last  .stage  have  been  well  worked  out 
by  Frankl  and  Eberth.  I  have  already  spoken  of  the  division  of  the  guber- 
naculum into  three  parts  by  Frankl,  and  must  now  consider  it  according  to 
iiis  description  in  the  7th  month  fo'tu.s.  He  gives  three  useful  diagrams  on 
tills  point. 

In  the  first  (Hg.  2:5)  the  right  testis  is  at  tlie  internal  ring,  and  we  see 
the  abdominal  part,  vaginal  part,  ami  infravaginal  part  of  the  gubernaculum. 
The  testis  and  u-ubernaculum  show  marks  of  contact  with  the  small  intestine. 
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On  tlio  left  side  tlie  testis  was  inucli  deeper,  tlie  lowest  third  i)f  the  "ulier- 
naculum  being  in  the  processus  vaginalis. 

In  a  tirird  sjiecimen  at  the  7th  month,  the  testis  has  passed  the  inguinal 
canal,  is  partly  in  the  scrotum,  the  processus  vaginalis  has  begun  to  involute, 
and  both  the  vaginal  and  infravaginal  portions  of  the  gubernaculum  are 
shorter  (tigs.  24  and  25).  Fraukl's  diagrams  give  the  descent  somewhat 
earlier  than  other  observers. 

Eberth  gives  an  excellent  figure  of  the  relations  at  this  time.  Similai- 
conditions  may  be  found  at  the  8th  month  and  in  the  newly  born  (tig.  27). 


Fri:.  26. — Male  foetus  (11  cm.  li.-b.),  ,sai;ittiil 
mesial  section.     (H.) 

1,  peritoneum;  2,  epididymis  ;  3,  mesepididymis;  4, 
biood-vessels  in  mesepididymis :  5,  ductus  de- 
ferens; 6,  inguinal  fold;  7,  entrance  to  proc. 
vaginalis;  8,  inguinal  ligament;  9,  os  coucygis  ; 
111,  symphysis ;  11,  testis ;  12,  Ijody-wall.  (Eberth.) 


Fii;.  27.-Male  fcetus  before  birth.     (1.) 

1,  ureter;  2,  mesorchiuni  ;  S,  epididymis;  4,  d. 
deferens;  .'i,  testis;  6,  p.  v.  peritonei;  7,  para 
vaginalis,  lig.-genito-ing. ;  8,  pars  infravag.  lig.. 
genito.ing.    (Eberth.) 


Increased  growth  of  the  processus  vaginalis  and  .shortening  of  tlie  involuting 
gubernaculum,  are  the  conspicuous  featiu'es  in  the  7th  to  Sth  montli. 


('/)   TIk   Pnssiiiji-  iifflir  Ti'stcs  into  fill'  IiiiiniiKil  ('loutl  mtil  SirotKVi. 

It  may  imw  lie  asked  wliat  arc  the  causes  of  descent  n\'  the  hmiiaii 
testicle,  and  llic  appro.ximate  explanation  is  as  follows: — 

'I'lie  disappearance  in  great  part  of  tlie  WoltHan  body,  and  the  guidance 
as  a  rudder,  but  not  as  a  tractor,  of  the  inguinal  fold  (giibernacidinii  at  this 
.stage),  determine  the  jjosition  of  the  testes  mar  tlie  internal  ,ib(l(iiniii;d  liiii; 
at  or  about  tlii'  :{rd  month  (fig.  2(1). 

The  sulisii|iient  hypertrophy  of  the  dex  iio])ing  gubernacuhnn  and  it^ 
a[)])e;iiiuiee  in  tlie  peritoneal  cavity  as  a  thickened  projection  analogous  l^ 
the  conus  itiguiiialis,  if  we  follow  Klaatsch's  specimens  of  this  perioil,  cau'- 
a  temporary  ascent   of  the  testicle.     Tlie  hypertropliy  with   increased  pm 
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jection  into  tlie  peritoneal  cavity  is  a  fact,  whatever  view  as  to  its  analoi^y 
to  tiie  conus  in  rodents  we  adopt,  and  has  the  result  of  causing;  the  testis 
to  lie  higher.  It  may  also  have  a  dilating  effect  on  the  processus  vaginalis  : 
hut  as  I  have  already  said,  there  is  more  probably  a  combined  growtli  of 
gubernaculum  and  processus. 


Fli;.  it-. —  A  iraii-^iiari'iit  j>iii'aiYiU"ii  ul  lli''  iiylil  l.-D-  of  an 
embryo  pig,  210  mm.  in  leuf^lh  x  ti. 

Left  testis  nearly  in  inguinal  canal ;  right  testis,  T,  just  entered  ; 
K,  right  kidney;  A,  dorsal  aorta;  E,  epiilidymus ;  U, 
ureter;  R,  rectum;  M.D.,  W.l>.,  Jliilleriau  and  WoltHan 
ducts  ;  U.A.,  uniliilical  artery.    (Eben.  C.  Hill.) 

The  ne.\t  stage  (6th  month  to  8th  month)  is  probably  an  increase  in  the 
capacity  and  length  of  the  processus  vaginalis,  so  that  it  expands  and  grows 
up,  as  it  were,  over  the  testis,  enclosing  it  in  the  inguinal  canal  (fig.  28). 

Owen  has  suggestive  remarks  on  the  presence  of  the  more  or  less  complete 
ovarian  peritoneal  capsule  of  the  ovaries  found  in  many  mammal.^.  "  In  the  white 
bear  (Ursus  maritimus)  the  ovaries  are  completely  enclosed  in  a  reflected  capsule  of 
the  peritoneal  menihraue,  like  the  testes  in  the  tunica  ia(/inalis  :  a  small  opening, 
however,  leads  into  the  ovarian  c;ipsule  at  the  part  next  the  horn  of  the  uterus  "  ((>/>. 
cit.,  S  99).  This  is  an  interesting  compiu-isun,  iis  the  ovarian  capsule  prolialily  jtrows 
up  rouiul  the  ovary  as  I  li;ive  described  the  innniiKd  canal  onclosin;^  the  testis. 

In  the  lueantinie  the  un.stript'd  luusele  gnbeinacular  fibres  with  the 
striped  mu.scle  at  its  apex,  and  the  periti)neum  are  developing  into  the  solid 
scrotum,  thus  forming  a  cavity  in  it,  lined  with  peritoneum.    At  this  stage  a 
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.■shrinkino'  of  the  crubernacular  fibres  takes  place,  and  this  is  one  factor  (with 
probablj'  some  play  allowed  to  the  testis  by  the  secondary  niesorcliium  or 
niesepididyniis  of  Frank!)  in  deterininino'  its  ultimate  position  in  tlie  scrotum. 

It  will  be  seen,  therefore,  that  in  explaininjj  the  passage  of  the  testis 
into  the  inguinal  canal,  a  growth  and  development  of  the  canal  and  of  the 
gubernaculum,  and  not  an  actual  descent  of  the  testis,  is  considered  the 
great  factor.  This  is  well  demonstrated  in  the  marsupial  specimens,  as  well 
as  in  those  of  Klaatsch  and  Frankl. 

I  have  said  little  of  gubernacular  traction.  The  penetrating  power  of 
the  unstriped  mu.scle  of  the  gubernaculum  is  of  importance,  but  it  develops 
in  the  canal,  beneath  the  peritoneal  ridge  derived  from  the  inguinal  fold, 
i.e.,  is  in  the  main  sessile  and  not  eflective  for  exerting  downward  traction. 
It  is  not  attached  directly  or  even  indirectly  to  the  testis,  as  the  upper 
attachment  of  the  caudal  ligament  is  to  the  epidid\nnis  and  not  to  the  testis. 
Bramann,  however,  says  it  is  attached  at  the  4th  mouth. 

The  .striped  muscle  in  connection  with  the  gubernaculum  ultimately 
forms  the  external  cremaster.  It  does  not  favour  descent  by  any  means  : 
indeed  any  action,  if  it  really  occurred  in  fcetal  life,  would  cause  ascent  of 
the  testicle,  as  it  does  in  adult  life.  The  external  cremasteric  fibres  passing 
into  the  low^er  pai't  of  the  gubernaculum  forin  the  ascending  cremasteric 
fibres,  and  are  analogous  to  the  conus  inguinalis  of  rodents.'  The  intt'riial 
cremaster  is  unstiiped  muscle  round  the  vas  and  vessels,  and  in  the  tunica 
vaginalis  propria. 

Thus  while  the  crema.ster  fibres  advance  at  first  at  the  apex  of  tlie 
penetrating  guljernaculum,  tlieir  funetiim  is  in  relation  to  the  adult  eonl 
and  testis. 

Minor  factors  may  help  descensus.  Thus  Ebeith  mentions  intestinal 
pressure,  and  Bramann  considei's  the  distended  sigmoid  had  .some  inHuence 
in  depre.ssing  the  left  testis.  Increa.sed  inclination  of  the  pelvis  has 
been  considered  to  !ia\r  an  influence  by  altering  the  direction  of  the 
inguinal  fold  favourably  for  traction.  The  lengthening  of  the  cremastiT 
has  been  supposed  to  exert  tracti<iu,  Imt  all  tlirsr,  if  not  wrong,  an- 
insignificant,  so  that  Eberth  is  right  in  liis  rontiiition,  "  N'iiliiiehr  scheinen 
aktive  und  complizierte  Wachstumssorgangr  lid  <l<r  XCrlagerung  des 
Hodens  die  Hauptrolle  zu  spielen." 

I  agi'ce  with  tiiis.and  would  ininiiuisc  ixcii  the  ultiinatr  shrinking  traction 
urged  by  Fi-ankl,  wcic  it  not  for  its  apparent  aetion  in  ectopia  testis. 

'  Lockwddd  ill  lii.s  work  riglilly  sav.s  tliat  "llu-  a-ici'iiiliiig  iTt-iiiasler  of  tlie  liiiiiiaii 
embryo  is  wo  trivial  that  [HMliaps  \i  ought  to  be  looked  on  a.f  a  mere  survival  of  a  iiiii!«'le 
which  in  some  of  tlie  lower  animals  is  more  active  and  better  developed  "  (";>.  cit.,  p.  iOS). 
Klaatsch'.s  work  on  the  uouus  inguinalis  contiruifi  lliie. 
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v.  The  Phylogexy  ok  the  Parts  conxerxed  in  Descent  ok  the 
Testes  and  ok  Descent  Itselk. 

The  phylogeny  of  an  oruan  or  developing  process  in  a  plant  or  animal 
is  the  history  of  its  occurrence  and  development  in  some  division  of  the 
animal  kingdom,  usually  in  the  phylum  or  class  of  the  animal  or  veget<ible 
world  to  which  it  belongs.  We  are  specially  concerned  just  now  with  the 
phylogeny  of  the  anatomical  structures  or  organs  in\-olved  in  testicular 
descent  in  mammals,  and  with  the  phylogeny  of  the  process  itself.  Up  to 
this  point  we  have  been  considering  their  ontogeny,  l.r.  their  development 
in  special  animals  or  species.  From  the  fact  that  we  have,  in  this  <jue.stion 
of  descent  of  the  testes,  to  consider  the  organs  and  descent  in  the  various 
species  of  the  mammalia  so  far  as  known,  a,s  w^ell  as  the  embryology  in 
many  of  them,  the  problem  is  a  most  fascinating  one,  and  will  repay  careful 
consideration. 

I  purpose  therefore  to  state  the  main  facts  bearing  on  the  phylogeny  of 
our  subject.  Some  repetition  is  unfortunately  unavoidable,  especially  as 
some  of  the  .structures,  for  in.stance  the  gubernaculum  and  cremaster.  are 
joined  with  one  another  anatomically  and  functionally. 

The  organs  concerned  are  the  ■icrotunt.  guhcrnaruhim,  cremaster,  and 
inguinal  canal,  and  we  shall  consider  these  first,  and  then  the  proce'fs  of 
descent  itself. 

The  scrotum  is  a  temporary  or  permanent  pouch  or  sac  for  the  testes. 
In  the  former  instance,  in  certain  mammals,  at  the  rutting  period,  the  te.stes 
pass  back  into  the  abdominal  cavity,  to  re-enter  the  scrotum  after  the 
rutting  period  is  over ;  in  the  latter  case  in  other  mannnals  they  remain 
permanently  in  the  scrotum  when  once  they  have  passed  in.  In  some  of 
the  latter,  the  processus  \aginalis  may  be  closed  or  open. 

In  the  monotronata  we  start  from  "bed-rock,"  ina.smuch  as  in  these,  the 
lowest  of  known  mannnals,  there  ai-e  none  of  the  structures  present  whase 
phylogeny  we  are  considering ;  they  appear  at  first  sight  to  come  into  the 
existing  maunualian  species  pei-  saltum,  linst  in  the  nuirsupials,  but  tlie 
significance  and  accuracy  of  this  retjuires  to  be  carefully  scrutinised.  In 
the  niarsitpials  the  scrotum  is,  in  its  po.sition  and  development,  the 
analogue  and  al.so  the  homologue  of  the  female  mammary  pouch.  In  .some 
males,  apparent  rudimentary  mannnary  skin  folds  remain,  but  these  are 
merely  the  folds  after  the  scrotum  has  separated  from  its  ejiidermic  bed. 
I'he  development  of  the  mammary  pouch  in  the  female  is  by  a  jia.'isjigo 
backwards  and  outwards  of  the  deep  and  superficial  layers  of  the  epidermis 
into  the  subjacent  connective  tissue;  the  connective  tissue  beneath  the 
epidermis  is  not  snared  in.     In  the  development  of  the  mai-sui)ial  scrotum 
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tlie  deep  layer  of  tlie  epidermis  pasise.s  back  and  in  and  snares  in  the  con- 
nective tissue  wliicli  forms  the  site  of  the  future  interior  of  the  scrotal  sac. 
The  amount  of  superficial  epidermis  passing  in  is  slitrht,  but  its  ultimate 
desquamation  frees  the  scrotum,  superficially  embedded  at  first  as  it  is  in 
the  epidermis,  and  allows  of  its  pendulous  character.  In  most  marsupials 
the  mammary  poucli  has  its  opening  above  for  obvious  reasons,  but  in  one 
at  least,  Katz  figures  the  aperture  as  opening  below  with  a  sphiiicteric 
muscular  arrangement  of  evident  utility.  This  position  of  the  aperture  is 
of  importance  as  showing  an  intermediate  stage  relative  to  the  openings  of 
the  mannnary  pouch  and  its  analogue.  In  regard  to  the  muscular  arrange- 
ment of  the  mammary  pouch,  the  round  ligaments  act,  according  to 
Cunningham,  as  a  compressor  mammaj,  wliile  the  .sphincter  is  developed 
from  the  .subcutaneous  unstriped  mu.scle. 

The  mannnary  pouch,  then,  may  have  a  caudal  or  ceplialic  aperture, 
but  the  .scrotum,  its  analogue  and  homologue,  has  its  aperture  cephalic  and 
communicates  up  to  its  later  .stages  with  tlie  peritoneal  cavity  (open 
proce.s.sus  vaginalis),  has  the  te.stis  ultimately  in  it,  and  then  usually 
becomes  shut  off"  from  the  peritoneal  cavity  by  the  closure  of  its  processus 
vaginalis.  In  rodeitts  uiul  insectivom  the  .scrotum  is  a  sliallow  poucli  in 
the  abdominal  wall  in  the  region  of  the  inguinal  teats,  the  cremaster  .sac 
or  pouch.  When  the  testes  are  in  the  abdomen  in  the  adult,  the  trans- 
ver.sales  and  internal  oblique  muscles  project  into  tlie  inguinal  fold,  thus 
forming  a  conical  projecting  eminence  in  the  peritoneal  cavity — the  inguinal 
cone  (conus  inguinalis)  of  Klaatsch,  who  fir.st  drew  attention  to  it  The 
nature  and  functions  of  this  "conus"  will  be  considered  presently. 

In  ruts  the  scrotum  is  lower  down,  towards  the  perineum,  and  finally 
in  higher  mammals  it  becomes  the  pendulous,  .sac-like  scrotum. 

Tile  following  sunnnaiy  gives  the  scrotal  conditions  known  ti>  us  in 
the  chief  species  of  the  mammalia.  For  convenience.  I  aiM  in  this 
summary  the  main  facts  as  to  position  of  testes,  the  gubernacuJum.  aii<l  the 
cremaster.  Tiie  conditions,  however,  vary  very  much  :  tiiere  is  no  gradual 
gradation  but  an  undulating  one,  and  we  nuist  therefore  conclude  that 
variation  is  still  going  on  in  regard  to  tlu'sr  organs  .-uk!  to  tlieir  descent. 

Srrotdl  ('(ind il Kills  mid  lliosi'  as  tu  U uheruitrnluiH  tind  Creitmster 
III  till'  ('liirf  Onlrrs  (if  M'tniiiKilia  {nudnli/  from  Fnuik-l). 

Monotremata. — Testes   ahdoiiiiiial  ;    no   .scriptutn  :    no   iiigniniil    fold  ;    no   oroniiister. 

Ecliidna  .sliows  lii,'amontu)n  tcsli.*  joined  to  vas  deferens. 
Marsupial  ill. — Siipia|)ul)ic    serotuni    with    |ii'ocossus   vaj;iiialis    closed;    mesorcliium 

liroad  ancl   four-anf^led  ;  inf;uiiiai  folil   well  developed. 
Kdenlata. — Testes   alidoininal  :    position   of   testes   really   varies;    may    be    primary 
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abdominal,  sulnntegumental,  or  secondary  alidominal ;  no  scrotum ;  no 
inguinal  fold;  cremaster  has  transverse  and  internal  oblique  fibres;  no 
conus;  in  Dasijpus  sejrindus,  inguinal  fold  marked  and  runs  to  equivalent 
of  processus  vaginalis,  ending  in  its  fundus  ;  in  Uasypus  noreiitcinctus,  short 
conical  cremaster  sac  from  internal  and  transverse  below  aponeurosis  of 
external  oblique. 

Cetacea. — Testes  primary  abdominal  and  no  inguinal  fold. 

Probosciclea. —  Te.stes  abdominal. 

Rodentia. — Te>tes  in  scrotal  pouuli,  but  return  to  abdomen  at  "  rutting  "  ;  cremaster 
from  transverse  and  internal  oblique,  and  forms  "conus  inguinalis." 

Insectivora. — Much  as  in  rodentia ;  have  conus  inguinalis,  but  not  always  ;  testes  in 
some,  abdominal,  and  no  descent ;  in  others,  abdominal,  and  return  to 
scrotum  after  rutting. 

Chiropteia. — Testes  return  ;  conus  present  ;  cremaster  from  transver.se  ami  internal 
oblique. 

Piniiipedia. — Testes  extra-abdominal,  subintegumental  in  inguinal  canal ;  shallow 
cremaster  sac  from  transverse  and  internal  oblique ;  no  scrotum  ;  no  return 
of  testes ;  in   I'hoca    Vitulina. 

Carniuora. — Show  beginning  involution  of  processus;  cremaster  from  transversus, 

Artiodadyla. — Processus  vaginalis  narrow  ;  cremaster  from  internal  oblique. 

Penssodactijla. — More  primitive  conditions;  processus  vaginalis  wide  open;  traces 
of  inguinal  ligament  even  in  adults ;  cremaster  from  internal  obliciue  and 
well  marked.  . 

Prodmic'.. — (Lemurs)  Processus  vaginalis  narrow  ;  cremaster  from  internal  ubliipie 
and  transversus  (maiidy). 

Primates. — Conditions  very  varied  (/•.  Frankl,  pp.  186-187),  from  simiile  to  complex. 

The  facts  are  too  varied  to  y-ive  any  definite  results,  hut  sduie  points 
are  interesting. 

The  monofyemes  .show  the  most  rudimentary  conditions.  The  nttir- 
siipials,  liowever,  approach  man  in  having  definite  scrotum,  usually  closed 
processus  vaginalis,  well-nuirked  gubernaculum,  very  definite  (le.scent  of 
testes  in  embryo,  with  a  preformed  inguinal  canal. 

Tiieir  .sciotum  shows  clearly  the  most  primitix c  type  of  .scrotum,  being 
evidently  mammary  in  its  natm-e  and  suprapubic  in  position.  Its  crem- 
aster is  derived  from  the  transverse  aiul  internal  oblicnie  nni.sdes  as  in 
man,  and  its  fa.sciiB  are  much  the  same.  Its  gubeinaculnin.  however,  is  not 
the  specialised  scrotal  fibres  of  man.  but  c(uisis(s  of  well-marked  abdonnnal 
fibres  which  are  normally  rudimentary  in  man.  The  tiansition  from 
iiionotreme  conditions  to  marsupial  ones  is  thus  extraordinary. 

We  may  put  down,  abdominal  testes  ;  absence  of,  or  rudinu-ntary  scroi  um  : 
open  processus  vaginalis;  i-eturn  cif  testes  to  abdomen  at  "  rutting,"  all  as 
eharacteri.stic  of  a  low  pdsition  in  inamiii;di;i  ;  while  permanent  .scrotum, 
especially  if  pt'rineal  ;  closed  proci'ssus  \  aginalis,  are  all  evidence  of  a  high 
position.  Kxeeptions,  however,  are  plentiful,  and  in  the  f(1ftit>it>:i  and 
jirimctt'^:  we  find  almost  all  forms. 


2S()  Dr  D.  Berry  Hart 

Primitive  or  coniparativelj'^  primitive  conditions  are  found  in  Monotremes, 
Edenfafd,  Probo>icidea,  CeUirea,  Rodents,  Insectk'oru,  Chiroj^tera,  Pinni- 
pedia,  Carnivora  ;  while  in  the  Artioducfyla,  Perissodactylu,  Carnivora, 
Proximuv,  Marsupi(di<i,  and  Primates  the  ari'angements  are  more 
advanced  and  finally  culminate  in  the  most  advanced  type  as  found 
in  man. 

Klaatsch  has  shown  that  in  many  mammals  the  site  of  the  future 
scrotum  is  marked  out  by  a  certain  area  of  skin,  the  area  scroti,  evident 
both  by  its  naked-eye  and  microscopic  character.  The  hairj'  coverint;  is 
less  marked  ;  the  small  hairs  arise  from  projections  due  to  elevations  of  the 
cutis  which  possess  a  thin  epidermic  covering.  Its  most  characteristic 
microscopic  structure  is  a  layer  of  unstriped  muscle,  ceasing  abruptly  at  the 
edge  of  the  "  area."  In  the  middle  line  the  "  area3  scroti "  coalesce.  The 
full  phylogeny  and  nature  of  the  scrotum  will  be  best  taken  up  after  the 
gubernaculum  and  cremaster  and  conus  have  been  considered. 

The  Gubernaculum,  CremuHter.  and  Conus  Tnguinalis. — I  need  not 
recapitulate  the  facts  as  to  the  gubernaculum,  but  merely  point  out  the 
constancy  of  its  type  in  all  mammals  above  monotremes.  Thus  its  lower 
end  .is  always  in  a  mammary  area,  its  upper  at  the  Wolffian  duct.  It  is 
not  connected  directly  or  indirectly  with  the  testes.  Its  origin  and 
in.sertion,  in  con.stant  relation  to  primitive  structures,  viz,  the  niannnary 
area  and  Wolffian  duct,  explain  its  almost  uniform  structure  and  relations 
in  all  species.  In  all,  it  acts  as  the  active  agent,  with  peritoneum  and 
cremaster,  in  preforming  the  inguinal  canal. 

The  cremaster  is  quite  constant  in  all  mammals  above  monotremes.  and 
is  derived,  in  almost  all  mannnals,  from  the  internal  oblique  and  trans- 
versalis  muscles.  In  front  of  it,  as  it  pas.ses  in  with  the  peritoneum  and 
gubernaculum,  lies  the  aponeurosis  of  the  external  oblicjue.  Occasioimlly 
oidy  one  muscle  forms  the  ci-enia.ster.  In  the  marsupials  the  pyramidalis 
is  well  developed,  but  takes  no  i)art  in  the  cremaster,  as  the  gubernacuhnn 
skirts  its  outer  edge,  as  it  does  tliat  of  the  rectus.  The  great  function  of 
the  cremaster  is  in  the  adult,  as  I  have  already  .stated,  and  it  takes  no  part 
in  causing  the  descent  of  the  testes.  It  grows  down  with  the  inguinal 
fold,  but  how  far,  actively  or  passively,  is  difficult  to  say. 

('onus  (»(/((/'//i(//.s.— This  is  an  important  modification  of  the  cremaster 
and  gubernaculum  t'nuiid  in  lodents  and  insectivora,  and  first  de.scribed  by 
Klaatscli.  I  ha\t'  found  what  apj)ears  to  be  its  represi'utative  in  mar.supials, 
but  in  them  it  plays  no  part  in  changing  the  position  of  the  testes.  In 
rodents  it  can  be  seen  as  a  cone  projecting  into  tiie  alxlomen  from  the 
scrotal  site,  and  it  consists  of  fibres  from  the  internal  <)bli(|ue  and  transversa' 
muscles,  passing  into  the  ingiiiu.il   fuld.      When  thi'  ti'stes  an'  in  the  .scidtal 
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inguinal  poucli,  the  " conus "  runs  from  tlie  inouinal  fold  to  the  base  of  the 
scrotum.  The  muscular  fibres  must  have  grown  into  the  fold  ( Wiedersheim ). 
They  do  not  draw  the  testes  into  the  scrotal  pouch,  as  the  direction  of 
their  fibres  prevents  this ;  nor  can  they  draw  it  out.  It  would  be  absurd 
to  consider  them  as  drawing  the  testes  at  one  time  into  the  abdomen  and 
at  another  time  into  the  scrotum.  Probably  the  best  idea  is  to  consider 
tiie  cremaster  fibres  of  the  conus  as  first  growing  up  into  the  inguinal 
fold  to  form  the  conus.  Then  thej'  grow  into  the  scrotum  after  rutting. 
Tluis,  at  rutting,  the  conus  develops  or  grows  into  the  inguinal  fold  and 
by  its  shrinkage  or  involution  after  rutting,  and  by  accommodation,  the 
testes  resume  their  scrotal  position.  This  is  the  most  probable  and  con- 
si.stent  explanation  in  the  present  state  of  our  knowledge,  but  serial  sections 
at  the  various  stages  would  be  needed  to  confirm  or  reject  it. 

Klaatsch  figures  a  conus  in  the  human  embrj^o,  and  Eberth  does  so  too. 

Thus  the  cremaster  has  its  share  in  the  function  of  developing  the 
inguinal  canal  and  the  cavity  of  the  scrotum,  and  ultimately,  in  man  for 
instance,  forms  a  mu.scular  incomplete  covering  to  the  cord  and  testes.  It 
is  a  valuable  supporting  constituent  in  a  pendulous  oi-gan,  and  has  a 
pi-obable  function  in  preventing  dilatation  of  vessels  in  the  cord  and  testes. 
Its  action  under  voluntary  impulses  in  man  is  known  and  is  well  figured 
by  Wiedersheim,  but  in  the  de.scent  of  the  testes  into  the  preformed  inguinal 
canal  it  has  not  as  yet  been  shown  to  play  anj-  direct  part. 

Statement  as  to  Nature  of  Relations  of  Sei-otum,  Giibernacuiuiii,  and 
Cremaster. — In  man  the  scrotum  develops  partly  in  the  perineal  region  and 
partly  above  this,  and  the  question  now  arises :  Is  this  region  and  that  of  the 
labia  majora  in  the  female  related  phylogeneticalh'  to  the  suprapubic  region 
of  the  marsupial  or  to  the  inguinal  in  rodents  where  the  scrota  respectively 
develop  ?  If  .so,  it  would  enable  us  to  make  the  consistent  statement  that 
the  f/ubernaculum  and  rotind  ligamevt,  and  with  them  for  a  certain 
distance  the  peritoneum  and  cremaster,  are  developed  in  relation  to  a 
mammary  region  in  all  mammals,  thus  extending  the  striking  generalisa- 
tion first  made  by  Klaatsch  in  his  suggestive  paper.  Developnientally  the 
labia  majora  and  .scrotum  are  due  to  an  extension  downwards  and  i)ack  wards 
from  an  area  contiguous  to  and  blending  with  the  inguinal  region.  We 
luive  seen  that  the  developing  gubernaculum  abuts  on  the  abdominal  wall 
at  this  point  before  it  begins  to  penetrate,  and  thus  the  scrotal  or  labial 
skin  is  practically  a  pendulous  extension  of  the  inguinal. 

The  nerve  and  vascular  supply  to  the  .scrotum  bear  this  out.  The  upper 
part  of  the  scrotum  is  .supplied  by  nerves  and  blood- vessels  conunon  to  tlie 
inguinal  region.  Cooper  states  that  "(1)  a  brandi  of  a  lumbar  .scrotal 
nerve  ....  divides  into  numerous  branches  which  supjily  the  skin  of  the 
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"Toin,  scrotum,  and  skin  of  the  root  of  the  penis  ;  (2)  tlie  external  spermatic 
nerve  ....  is  distributed  to  the  cremaster  and  the  celluhir  tissue  of  the 
scrotum  ....  sends  a  branch  to  tlie  skin  of  the  yroin  ....  The  perineal 
nerve  supplies  the  lower  part  of  the  scrotum." 

A  strikin^j  continnation  of  this  generalisation  would  be  an  abnormal 
teat  or  inamma  on  the  scrotum  or  labium  niajus.  I  ventured  to  predict  to 
a  scientific  friend  that  this  would  be  found,  and  finally  came  on  a  reference 
to  a  mamma  on  the  labium  majus  in  Batesons  invaluable  work  on  MatcTials 
for  the  Study  of  Vnrintiun  (p.  187),  where  he  (piotes  Hartino-,  Uelier  einen 
Fall  von  Mumma  uccessorin,  the  mammary  structure  of  the  inland  being 
veritied  microscopicallj'.  I  have  said  that  Klaatsch  has  drawn  attention 
to  the  fact  that  the  gubernaculum  and  round  ligament  end  in  a  mammary 
area,  and  I  have  contirnied  and  extended  this.  This  would  lead  one  to 
the  conclusion  Ijy  Klaatsch  that  the  changes  in  the  mannna  induced  by 
pregnancy  are  analogous  to  the  changes  in  the  conus  inguinalis  of  the 
resting  and  rutting  male.  One  might  indeed  look  back,  as  Klaatsch 
suggests,  to  a  primitive  period  when  the  young  were  suckled  by  both  parents, 
and  that  then  the  differentiation  took  place  which  ended  in  the  pre- 
dominance of  the  mammary  function  in  the  female,  with  a  round  ligament 
eijuivalent  to  the  developing  gubernaculum  only,  and  a  rudimentary 
inguinal  canal ;  while  in  the  male  the  mammary  function  became  rudimen- 
tary, and  the  gubernaculum  initiated  the  changes  in  the  abdominal  wall, 
which  not  only  gave  the  inguinal  canal,  but  also  the  descent  of  the  testes. 
This,  however,  is  very  speculative.  I  agree  with  Klaatsch  in  his  view.s  as 
to  the  mammary  area  in.sertion  of  the  gubernaculum,  but  he  has  not  pushed 
his  most  interesting  theory  far  enough. 

Let  us  apply  it  to  the  marsupials.  In  the  male  we  have  a  scrotum 
topogiaphically  and  developmentall}-  e(|uivalent  to  the  mammary  pouch  : 
it  contains  the  testes.  In  the  female  we  have  a  manunary  pouch  with  the 
round  ligament,  the  analogue  of  the  gubernaculum,  ending  in  it.  in  relation 
to  the  mammary  gland.  One  usually  looks  on  the  mammary  pouch  as  only 
a  pouch  for  the  mannna,  and  for  the  young  marsupial.  To  make  it  exactly 
eijuivalent  to  the  male  scrotal  aiTangement,  it  should,  however,  contain  the 
ovary.  It  does  not :  l)ut  if  we  go  back  to  the  monotreme  echidna,  we  find, 
as  Haacke  has  shown,  that  it  carries  its  egg — the  product  of  the  ovary — 
in  a  pouch  developed  for  it  at  the  time,  .i  pouch  l.irge  enough  to  hold  almast 
completely  a  gold  watch.  Tlif  itKimiini n/  imurli  tlin-iforr  in  primitirel)/ 
til)'  ri/if  III-  (iro rid ii-jii-ikI net  /loucli  jiif<l  Of  llii  sir<ili(iu  iy  till'  ti'st iriihir 
/iionli.  Tims  in  .ill  in.iiamals  above  monotriMucs  the  developing  guber- 
naculum joins  the  lowci- end  nf  ihi'  primitive  Wolttian  body  to  an  area  of 
skin    whicii    is    iirimitively    .ui    o\ arian-proiluct    or    testicular    pouch— a 
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mammary  area ;  and  when  it  loses  the  fretus-canying  functions  (as  it  does 
in  all  above  marsupials)  retains  in  the  female  the  mannnary  function,  and 
in  the  male  the  testicular  pouch  function.  The  development  of  the  inguinal 
fold  and  cremaster  thus  begins  primitively  in  rodents  in  Klaatsch's  inguinal 
cone,  and  develops  to  the  more  perfect  gubernaculum  of  higher  mammals. 
The  active  agent  in  the  gubernaculum  is  the  unstriped  muscle :  thus  the 
peritoneum  only  forms  a  shallow  processus  in  the  female  jjrocessus ;  it  is 
the  unsti'iped  muscle  that  mainly  forms  the  round  ligament  and  preforms 
the  inguinal  canal. 

The  Inguinal  Canal.— On  this  one  can  be  brief,  as  much  of  its  phylogen}' 
is  involved  in  the  previous  sections.  There  is  no  inguinal  canal  in  the 
monotremes.  It  may  be  a  shallow  pouch  (rodents,  insectivora) ;  a  deeper 
canal,  with  its  processus  narrow  or  closed ;  a  well-formed  canal  in  the 
embryo,  with  closed  processus  (marsupials,  carnivora,  primates,  man).  Its 
line  of  evolution  is  thus,  increase  of  depth  in  abdominal  wall  (its  direction 
varying  according  to  the  po.sition  of  the  scrotum),  and  closure  of  processus. 
Its  highest  development  is  thus  in  man,  but  it  is  high,  as  alread}'  noted,  in 
marsupials.  The  po.sitioa  of  the  inguinal  fossa  or  canal,  as  the  case  may 
be,  is  determined  by  two  factors :  the  direction  of  radiation  of  the  guber- 
naculum fibres  and  the  area  of  spread  of  a  developing  lyuiphatic  centre. 
This  is  best  seen  in  the  marsupial  embryo,  but  probably  holds  good  for 
others. 

Descent  of  the  Testes. — There  is  no  descent  in  monotremes,  edentates, 
cetacea,  or  proboscidea.  The  first  beginning  is  in  rodents  and  insectivora, 
and  there  the  descent  is  temporary  and  periodic  after  rutting.  As  we  pass 
up  the  mannnalian  scale  the  descent  becomes  more  marked,  penetrating 
the  abdominal  wall  and  into  a  scrotum,  inguinal,  suprapubic,  or  perineal. 
While  we  use  the  term  '"descent  "  it  must  be  noted  that  this  is  most  marked 
in  the  abdominal  phases  ;  afterwards,  when  the  testes  ai'e  in  the  inguinal 
canal,  the  testes  are  relatively  stationary,  and  growth  of  the  inguinal  canal 
is  the  active  factor ;  descent  again  asserts  itself  if  the  testes  reach  the 
perineal  scrotum ;  but  if  the  scrotum  is  suprapubic,  this  last  stage  is  really 
an  ascent.  We  thus  must  always  use  the  inevitable  term  "  descent  "  with 
these  reservations. 

The  Relation  of  Descent  of  the  Testes  to  HucM's  Law  and  to  Mani- 
iiKilidn  Ckt.ssitication. — Haeckel's  law  (or  rather  the  Miiller-Haeckel  law) 
is  bi'iefly  stated  as  follows  ^ : — Ontogeny  repeats  and  condenses  phylogeny 
in  whole  or  in  part^the  development  of  the  organs  and  their  functions  in 
man  repeats  and  condenses  in  time  and  stages  the  parts  of  \arious  organ- 

'  See  Weisinann's  Ttienrij  of  F^nilutitDi,  vol.  ii.  |i.  ItiO  ;  ami  also  /'acipin's  Life,  wliere 
Parwin  claims  this  law. 
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ontogenies  and  tlieir  functions  necessary  to  complete  the  ontogenj^  of  the 
whole  organism.  In  some  stages,  indeed,  it  gives  what  may  appear  an 
irrelevant  reminiscence  of  its  lower  mammalian  origin,  as  in  the  ascending 
cremaster  fibres  and  temporary  ascent  of  the  testes. 

This  is  a  great  generalisation,  and  is  completely  vindicated  when  we 
consider  testicular  descent  in  man.  We  cannot  but  accept  this  law,  which 
points  most  probably  to  the  continuity  of  the  germ  plasma  as  being  at 
the  root  of  the  phylogenetic  repetition  in  ontogeny.  Let  us  consider  the 
phylogeny  of  testicular  descent.  Tiiere  is  no  descent  in  monotremes,  in 
some  edentates,  in  cetacea,  and  in  proboscidea.  The  testes  lie  in  a  .shallow 
inguinal  pouch  in  rodents,  and  during  rutting  are  abdominal  from  change 
in  the  "  conus  inguinalis,"  their  cremaster :  they  are  .suprapubic  in  mar- 
supials ;  perineal,  and  u.sually  in  a  pendulous  scrotum,  in  higher  mammals. 
The  "  ontogeny  "  of  the  process  in  man  repeats  in  a  few  raontlis  of  fo-tal 
life  (2nd  to  8th)  all  these  stages  in  the  long  phylogenj'  of  the  lower 
mammals.  The  testes  are  in  the  human  male  fietus  abdominal  in  the  2nd 
month  (as  in  monoti-emes)  at  the  peritoneal  fossette,  and  afterwai-ds  a  little 
higher  in  the  3rd  to  4th  month  (as  in  the  rutting  of  rodents) ;  in  the  inguinal 
canal,  i.f.  subintegumental,  at  the  5th  to  (3th  month,  as  in  the  rodents  after 
rutting;  and  finally,  perineal  and  .scrotal  at  the  8th  to  9th  month. 

In  man  the  gubernacular  fibres  are  .scrotal,  but  in  the  pubic  and  perineal 
and  inguinal  rudimentary  fibres  we  see  a  phylogenetic  reminiscence  of 
these  conditions  in  marsupials  and  rodents.  Tho.se  who  believe  in  active 
gubernacular  fibres  in  man  as  causing  descent,  regard  these  rudimentary 
fibres  as  aiding  mechanicallJ^  like  guy-ropes,  the  scrotal  ones ;  but  that  the 
.sessile  or  attached  unstriped  mu.scle  of  the  gubernaculum  can  act  "dynami- 
cally," i.e.  cause  tran.sition,  is  erroneous ;  the  true  interpretation  of  the 
rudimentary'  fibres  in  man  is  .seen  in  this,  that  tliey  are  an  illustration  of 
Haeckel's  law. 

In  the  development  of  our  knowledge  of  testicular  descent,  indeed,  it 
was  really  by  a  reversal  of  Haeckel's  law  that  pi-ogress  was  made,  i.f.  tiir 
conditions  in  the  lower  mannnals,  a  long-spmi-out  history,  as  it  were,  i>l' 
what  occurs  in  man,  explained  in  the  hands  of  the  great  early  investigators 
— Hunter,  Owen,  Seller — the  more  rapid  and  condensed  .st^iges  in  man — 
Haeckel's  law  was  worked  backwards  by  them. 

But  Haeckel's  law  can  be  used  to  bring  back  lost  history,  ami  supply 
stages  in  piiylogeny  we  have  lost;  just  as  in  his  great  periodic  law  a.s  {>> 
the  chemical  elements,  Mendeleef  rightly  predicted  that  clieniicaj  elements 
would  be  discovered  with  certain  definite  atomic  weights,  .uid  in  a])piii.\i- 
mate  places  in  ids  scale,  to  complete  the  series. 

Let  us  apply  Haeckel's  law  to  its  logical  extent.     The  monotreme.s  and 
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marsupials  are  lowest  in  the  niaiiimalian  scale,  and  yet  the  marsupial  has  a 
development  of  inguinal  canal,  and  a  condition  after  descent  in  many 
respects  resembling  the  human  male,  and  higher  than  that  in  rodentia,  for 
example.  So  far,  therefore,  as  the  conditions  we  are  discussing  go,  we 
cannot  adopt  a  linear  mammalian  classification.  Mammals  must  be  classi- 
fied in  several  lines  radiating  from  an  ancestor  more  primitively  develojied 
than  the  monoti-eme.  If  then  we  wish  to  speculate  as  to  this  ancestor,  we 
mast  consider  early  ontogenetic  stages  of  the  region  in  which  the  descent 
process  takes  place,  i.e.  the  rump  end  of  human  embiyos.  Such  stages  are 
to  be  found  in  the  human  embryo  as  shown  by  Keibel,  when  the  entodermal 
cloaca  ^  is  formed,  the  urogenital  duets  opening  into  a  common  closed 
chamber.  Here  the  cloaca  is  closed  in  front  by  the  cloacal  membrane 
(ievoid  of  the  mesoblast  which  afterwards  develops.  The  yielding  of  this 
uiembi-ane  gives  the  di.sti-essing  "  ectopia  vesicae  "  of  the  human  adult,  but 
this  yielding  and  patency  of  the  cloacal  membrane  may  have  been  normal 
in  .some  predecessor  of  the  nionoti'emes.  The  egg  may  have  been  incubated 
in  the  upper  part  of  the  entodermal  cloaca,  which  lay  beneath  the  region  iu 
which  the  abdominal  egg-pouch  afterwards  developed.  From  such  an 
hj'pothetieal  ancestor  the  mammals  may  have  developed,  and  the  subse- 
(juent  grouping  may  be  arranged  as  follows  : — 

After  the  hypothetical  mammalian  ancestor,  the  first  group  would 
include  the  monotremes  and  marsupials.  Betv^-een  these,  however,  there  is, 
in  their  testes  arrangement,  a  tremendous  gap,  one  being  testiconda,  the 
other  having  a  well-formed  scrotum,  a  closed-off  pi'ocessus  vaginalis,  and  a 
descen.sus  only  dittering  from  that  of  man  in  having  a  suprapubic  scrotum 
(the  analogue  and  homologue  of  the  mammary  pouch),  and  a  gubernac- 
ulum,  the  fully  developed  abdominal  fibres  of  which  are  rudimentary  in 
man.  This  gap  must  either  have  been  gradually  filled  with  slowlj^  evolved 
and  now  extinct  members  of  the  marsupials,  or  we  maj'  hold  that  the 
inguinal  fold  came  into  mammals  per  >!altum,  in  a  way  analogous  to  the 
"  Mutation  "  theory  of  de  Vries  as  to  the  oi'igin  of  species.  The  existence 
of  intermediate  forms  of  testicular  po.sition  and  descent  as  in  the  higher 
luannnals,  as  in  rodents,  however,  negatives  this. 

The  next  diverging  group  would  hold  the  edentata,  sirenia,  cetacea, 
probo.scidea,  and  hyracoidea ;  then  would  come  a  parallel  group  of  rodent.s, 
in.sectivora,  and  chiroptera ;  next  the  ungulata  and  carnivorai,  and  finally 
the  lenuirs,  anthi'opoids,  and  pi'imate.s.  Intermediate  forms  exist  in  the 
I'llrntata,  lemurs,  and  anthropoids,  so  that  the  groups  arc  not  sharply 
ililt'erentiated. 

'  This  is  better  termed  "peiiiiltiinate  i^iil,"  ;i((;-.s-  })eiiidti)nii  uf  the  iiriiiiitive  gut;  the 
"  tail  gut "  is  then  pars  ultima. 
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I  merely  throw  out  the  arrangement  of  classification  accordino-  to  the 
position  of  testes  and  the  evolution  of  their  descensus  as  a  suggestion,  and 
one  that  must  be  modified  greatly  as  our  knowledge  increases. 

My  final  conclusion  is  that  the  testis,  appendix  testis,  and  prostatic 
utricle,  Wolffian  body  and  its  duct,  the  guberuaculum,  the  manniia,  the 
external  genitals,  form  an  associated  anatomical  unit,  the  male  urogenital 
and  maunnary  unit — for  shortness,  the  male  genital  unit ;  and  in  the  same 
way,  the  ovary,  epoophoron.  Wolffian  body  and  its  duct,  the  round  ligament, 
the  mamma,  the  external  genitals,  are  the  female  urogenital  unit  -for 
shortness,  the  female  genital  unit. 

This  is  an  important  and  convenient  condensation  of  the  relation  of  these 
organs,  and  in  a  future  paper  on  Mendelian  action  on  differentiated  sex  I  go 
on  to  analj^se  the  nature  and  significance  of  these  units  as  to  this  {|uestion. 

I  may,  however,  sum  up  descensus  testiculorum  in  terms  of  the  male 
unit.  The  essence  of  the  process  is  this : — The  testis  is  united  to  a  mammary 
area,  at  first  by  the  testicular  caudal  ligament  and  the  inguinal  fold  or 
guberuaculum,  afterwards  ly  the  involuting  caudal  ligament  and  develop- 
ing guberuaculum.  The  developing  guberuaculum,  with  the  aid  of  the 
cremaster  and  peritoneum,  forms  a  pit  or  fossa  for  the  testis  in  the  rodentia  : 
a  more  complete  canal  or  more  or  less  pendulous  scrotum  in  higher 
mannnals.  By  subsequent  disproportionate  growth  of  canal  and  testes,  and 
finally  (according  to  Frankl)  bj-  the  involution  and  shrinkage  of  the  guber- 
uaculum, the  testes  in  man  become  lodged  permanentl}-  in  the  scrotum.  I 
need  not  bring  in  intermediate  stages  in  this  sununary.  The  progression 
in  mammals  is  thus  primarj-  testiconda,  secondary  testiconda :  finally,  more 
or  less  of  a  descent  of  testes  into  a  closed  sac.  The  guberuaculum  site  of 
origin  is  primarily  a  Wolffian  duct  area  and  only  indirectly,  bj-  means  of 
the  caudal  ligament,  testicular ;  the  insertion  always  uiannnary. 

What  the  reason  of  testicular  descent  is  I  do  not  knt)w,  but  the  guber- 
uaculum always  peneti'ates  to  a  mammary  area,  and  this  area,  in  the  human 
male,  is  finally  a  scrotal  or  labial  one,  and  the  formula  of  the  progressive 
change  in  tlif  relations  of  the  testes,  coiinnonly  called  "descent"  in  all 
mannnals,  is  this:  tlw  ijubernaculum  alu'(ty.i  ih'irlojift  town  rein,  and  rvd^ 
in,  a  mdviiniirt/  area,  fucjtrapubic,  iiujuinal,  jierincal,  .icvotal.  The  teslis 
appeal's  to  fvlUni'  Its  tpiide — its  canal-foi^mer — the  i/nhevnacidum,  and  tin 
gidiemacrdum  in  marsup'uds  eerta'ndy  jHisses  thfiini/h  the  sidistauce  aii'l 
sh'irts  the  e<l(/e  of  a  derelo/iini/  ti/iiiiihatir  area. 

As  tlie  heading  of  this  jiaprr  I  havr  giviu  time  (|U(>tatii)ns  from 
John  Hunter's  works. 

The  .second  one  .shows  plainly  that  lliniter  jiehl  tiiat  the  testis  came 
tin-ough  the  processus  vaginalis. 
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In  tlie  first  c|notation  we  see  Hunter  laying  the  foundation  of  the 
subject  of  testicular  position  and  descent.  The  gubernaculuni,  the  term 
which  has  rightly  become  permanent  in  anatomy,  he  never  uses  in  the 
sense  of  a  "  tractor,"  but  always  of  a  "  rudder  " — its  ti'ue  meaning.  Here 
again,  Hunter's  teaching  has  been  for  long  discarded,  with  disaster  to 
accuracy  and  clear  comprehension,  and  tiie  gubernaculuni  lias  been  credited 
with  powers  that  the  examination  of  serial  sections  shows  to  be  illusory. 

Hunter  held  the  only  po.ssible  view  at  that  time  as  to  the  testis-covcring, 
viz.,  that  it  was  a  peritoneal  one  in  the  abdomen  and  scrotum. 

The  last  nuotation  is  a  remarkable  one,  and  shows  Hunter's  unique 
powers  as  an  unprejudiced  observer.  We  see  in  the  record  of  this  fact, 
shadowed  forth  the  modern  view  that  the  scrotum  is  equivalent  to  a 
mannnary  area,  towards  which  the  gubernaculuni  develops  and  the  te.stis 
pas.ses  :  and  so  we  may  fitly  and  finally  say  that  in  the  investigation  of  this 
great  anatomical  and  physiological  question  there  is  one  observer  who  was 
at  the  beginning  and  is  .still  in  the  van — John  Hunter. 
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Little  attention  lias  been  paid  to  tliis  subject,  evidently  for  the  reason  that 
the  normal  descent  does  not  go  below  the  immediate  vicinity  of  the  brim  of 
the  pelvis,  and  that  it  is  dwarfed  by  the  more  complicated  (juestion  of  the 
descent  of  tlie  testes.  The  permanent  position  of  the  ovary,  however,  is  of 
importance,  as  even  after  the  ascent  due  to  jiregnancj'  it  sinks  normally  to 
the  same  level.  There  are  two  other  points  of  intei'est  in  addition,  viz. : 
that  while  the  ovary  is  never  normally  in  the  inguinal  canal  or  labium 
majus,  these  are  normally  canalised  to  a  certain  extent  by  the  round  liga- 
ment, the  analogue  and  homologue  of  the  gubernaculum  ;  abnormally,  also, 
the  ovaries  may  imitate  the  normal  descent  of  the  testes,  and  be  per- 
manently, u.sually  on  one  .side  only,  in  the  inguinal  canal  or  even  in  the 
labium  majus — the  so-called  hernia  of  the  ovary.  The  ((ucstion  of  their 
normal  descent  is  thus  of  .some  scientific  value.  As  two  of  the  marsupial 
eml)i-yos  I  recently  examined  were  female,  with  the  ovaries  (levfjoping  on 
the  \V<ilrtian  bodies,  and  as  the  round  ligaments  had  i)enetrated  the 
alHldiiiiiial  wall,  I  was  able  to  trace  the  process  to  a  certain  extent  in 
them,  and  also  in  two  human  ombrj'os  at  the  5th  to  (ith  week  (h.  to  b. 
measurement,  '-M  unii.). 

I  sh.-ill  thci-efore  coiisicliT  :   (I)  Tlie  dexi'lopinrnt   of  the  i-innul  iigiiinrnt 
anil  cif  tiic  niaiimiary  p<nicli  ;  and  ('!)  The  deseeiit  of  the  (ivarie.s. 

I.  The  1)k\ei,iii'Mi;\i'  (ik  'iiik  Roinu  Licv.ment  ami  hk   iiik 

.M.\MM.\l!V    I'dnil. 

<  )n  examining  niif  of  tlic  iiuirsiipial  ciiiliryo.s  in  serial  section  from  ai«i\c 
down  (the  other  confirnieil  the  findings),  the  first  thing  that  struck  one  in 
the  suprapubic  region  was  the  j)resence  of  an  oblii|Ue  chain  of  lymphatics 
lying  in  front  of  the  pyramidalis  mu.scle  on  each  side;  and  lateral  to  tlie 
developing  mammary  pouch.  They  cro.s.sed  the  line  of  the  future  inguinal 
'   !•' 11)111  the  li.ibuialuiv  nf  ilir  Rdval  Collugo  of  Pliy.-iiciaiis,  luliiihiirgli. 
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canal,  were  not  so  marked  as  in  the  male,  and  formed,  as  in  tliem.  oval 
canals  lined  with  thin  .spindle-celled  fibres  and  round  nuclei,  the  latter 
projecting  into  tlie  lumen  slightly.  The  connective  tissue  and  unstriped 
muscle  between  and  near  these  sinuses  was  markedly  increased.  A  distinct 
bundle,  part  of  the  round  ligament  in  the  abdominal  wall,  ffirmed  a  curved 
band  in  the  lymph  site  round  the  outer  .side  of  the  pyramidalis  and  mar- 
supial bone.  This  appeared  as  a  cone-shaped  pi-qjection,  probably  the 
analogue  of  Klaatsch's  inguinal  cone,  bulging  the  peritoneal  lining  of  the 
abdominal  cavity  in  the  neighbourhood  of  the  point  of  entrance  of  the 
inguinal  fold  to  be  presently  described.  The  round  ligament  had  thus 
peneti'ated  the  muscular  fibre  of  the  internal  oblique  and  tiansver.sales 
mu.scles,  and  had  now  in  its  substance  striped  nm.scular  tibi'es.  In  its 
substance,  too,  can  be  seen  .some  of  the  lymph  sinuses,  and  neai-  the 
abdominal  wall  there  is  a  distinct  cavity  with  a  ridge  on  its  inferior 
aspect.  The  round  ligament  here  is  bounded  by  the  connective  tissue  of 
the  abdominal  wall,  and  nothing  at  present  analogous  to  the  tunica 
vaginalis  except  the  cavity  and  i-idge  Just  alluded  to  is  to  be  noted. 

In  one  specimen,  mu.scular  fibres  traceable  to  the  internal  oblique  can  be 
seen  in  the  sulistance  of  the  ligament,  and  loose  connective  tissue  separates 
it  from  the  denser  connective  ti.ssue  to  the  outside. 

I  have  alread}^  de.scribed  the  nature  of  these  lymph-sinu.ses  in  the  male 
in  a  previous  paper  on  the  descent  of  the  testes.  Tiiey  are  the  sinuses  of 
the  lymphatic  system  developing  from  the  vein  in  the  groin,  budding  otf' 
from  them  as  Dr  Florence  Sabin  has  already  described,  and  I  need  not 
recapitulate  this  description  therefore,  except  to  say  that  the  chains  as 
seen  on  transverse  section  lie  one  on  each  side,  in  front  of  the  pj-ramidalis, 
and  each  is  joined  to  its  fellow  by  a  band  of  connective  tissue  as  in  the 
male.  They  form  a  ladder  in  the  subcutaneous  ti.ssue  running  obliquely 
from  below  up,  in  this  ca.se  above  the  level  of  the  top  sections  which  lay 
below  the  rib-level.  The  round  liijumeiit  is  at  lirst  the  inguinal  fold,  i.r. 
before  it  begins  to  penetrate  the  abdominal  wall.  In  two  lunnan  endiryos 
at  the  fifth  to  sixth  week  one  sees  the  inguinal  fold  meeting  the  abdominal 
wall  with  the  internal  oblicjue  and  transversales  mu.scles  and  tendon  of  the 
external  oblique  in  front,  but  as  yet  there  is  no  penetration.  In  one  of 
these,  prepared  by  tJuUand  in  sei'ial  .section,  the  lymph-sinu.ses  are  .seen 
well  developed  where  the  round  ligament  meets  the  wall  (fig.  2).  They 
thus  bear  out  the  relations  of  lymph-sinuses  to  gubernacuhnii  already 
shown  in  the  case  of  the  marsupials. 

In  the  part  of  the  round  ligament  nearer  the  Woltliaii  body  wall  the 
unstriped  muscle  was  well  developed,  but  nearer  the  abdominal  wall  its 
place  was  taken  bj'  round-celled  connective  tissue.     Une  formed  the  inipres- 
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sioii  that  unstriped  muscle  was  radiating  into  the  round  Hoament  from  a 
posterior  source.  On  tracing  from  below  up  the  serial  sections  of  one  of 
the  mai-supial  female  embr3^os,  wliich  were  at  a  later  stage  of  development 
than  the  human  specimens,  so  as  to  ascertain  the  i-elations  of  the  round 
ligament  as  it  passed  through  tlie  abdominal  wall,  the  appearances  were  as 
follows: — One  came  upon  first  the  inguinal  fold  penetrating  the  abdominal 
wall  (tig.  1)  and  forming  a  shallow  peritoneal  pouch.  In  this  penetration, 
however,  the  peritoneum  soon  ceases  to  be  active,  but  the  unstriped  fibres 


Fu;.  1.  —Shows  iiiguiiuil  folil,  rmuiv  loiiii'l  ligament  penetrating, 
and  minor  participation  of  peiitonuum  in  it.     (-V.) 


grow  on  .111(1  u]).  and  iniiigli'(l  in  them  are  the  striped  cremasteric  fibres,  not 
advancing  with  them  jidri  /)iissi(,  and  thus  not  forming  part  of  tlie  advanc- 
ing wedge  we  .see  so  well  in  tlie  development  of  the  cremastcr  as.sociated 
with  the  male  gubernacnhnn.  The  iinstriped  muscular  bundle  arrives  at 
the  lower  end  of  the  manim.iry  pnucli.  and  appi'ars  to  end  in  the  round- 
celled  connective  tissue  in  which  the  niannna  afterwards  develops. 

In  adult  marsupials,  as  Katz's  specimens  show,  the  round  ligament,  or 
creiiiaster  as  Katz  terms  it,  runs  in  front  of  the  pouch  well  above  its  deep 
part ;  and  thus,  after  the  .stage  I  have  just  described,  the  pouch  mu.st  deepen 
below  the  level  of  tlic  cremastcr  in.sertions. 

Tlic  rouud  ligament,  like  tlie  gubernaeiihim.  in\ades  thr  lymphatic  area 
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in  the  groin  ;  and  this  may  determine  its  line  of  growtli,  as  it  appears  to  do 
that  of  the  gubernacuhim  in  the  male.  In  its  subse(|Uent  growth  the  round 
ligament  does  not  pass  through  the  stage.s  the  gubernaculum  does,  and  thus 
the  ovaries  have  only  normally  a  descent  in  the  abdomen,  and  not  any 
further  descent  compai-able  to  that  of  the  testes. 

The  adult  round  ligamenl  is  very  distinct.  It  is  really  e(]uivalent  to 
the  developing  gubernaculum  prior  to  the  descent  of  the  testes,  and  not  to 
the  developed  gubernaculum  :    it  I'emains   in    tlie   stage  of  the  developing 


Fic.  2. — Trans,  section,  female  embryo,  5th-6tli  week.     (V.) 
I.  round  ligament ;  2,  bladder  ;  3,  lymph-sinuses. 

gubernaculum,  and  grows  with  the  growth  of  the  uterus.  Not  oiil\-  that, 
but  the  ovarian  ligament,  the  analogue  of  the  caudal  ligament  of  the  testis, 
remains  as  a  well-marked  structure.  We  see  on  the  anterior  aspect  of  the 
broad  ligament  in  the  adult  the  origin  of  the  round  ligament  verj'  well.  It 
arises  at  the  junction  of  the  uterus  and  tube  in  front,  and  i.s  thus  opposite 
the  uterine  end  of  the  ovarian  ligament.  Its  origin  thus  marks  the  spot 
corresponding  to  the  origin  of  the  gubernaculum  in  the  early  male  embryo. 
The  gubernaculum  arises  from  the  epididymis,  where  the  globus  minor  is 
continuous  with  the  vas  deferens  (Frankl),  and  we  thus  can  make  moi'e 
precise  the  nature  of  the  parovarium  or  epoophoron.  The  par<n-ai'iinn 
comprises  the  vertical  tubes  and  the  longitudinal  tube  which   icpicsent   the 
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I'pididyiiiis,  and  has  a  free  longitudinal  duet  which  ceases  at  or  near  the 
origin  of  the  round  ligament.  Thus  this  longitudinal  tube  must  end  at  a 
point  corresponding  to  where  the  globus  minor  and  vas  deferens  in  the  male 
meet — any  part  of  this  duct  remaining  at  the  side  of  the  uterus  or  in  the 
vagina  is  equivalent  to  part  of  the  vas  deferens.  The  important  point  is 
tliat  the  epoophoron  with  its  duet  found  normally  in  the  broad  ligament 
is  a  detinite  part  of  the  Wolffian  body  and  its  duct,  i.e.  comprises  the  ana- 
logue of  the  epididymis,  and  a  part  of  the  Wolffian  duct  down  to  the  globus 
minor.     So  far  as  I  know,  this  fact  has  not  been  pointed  out. 

We  see,  therefore,  that  the  origins  of  the  caudal  ligament  of  the  testes 
and  that  of  the  ovarian  ligament  are  analogous. 

As  Hill's  .specimen  of  the  embryo  male  pig  shows,*  the  caudal  ligament 
has  its  origin  near  the  testis'  caudal  end,  at  the  junction  of  the  epididymis 
and  vas  deferens,  or  beginning  of  the  duct  of  the  epididj'mis.  It  ends  on 
the  upper  and  inner  surface  of  the  genital  ducts  opposite  the  point  where 
the  gubernaculum  ari.ses.  The  ovarian  ligament  .springs  from  the  uterine 
end  of  the  ovary,  but  whether  its  origin  is  exactly  like  that  of  the  testicular 
caudal  ligament  is  not  accurately  known.  It  ends  at  the  junction  of  tube 
and  uterus  opposite  the  point  where  the  round  ligament  springs.  They  are 
thus  equivalent  in  every  respect. 

The  inammary  pouch  develops  in  a  very  simple  manner  (tig.  8).  In 
the  suprapubic  region,  the  deep  and  superficial  epidermis  passes  back,  later- 
ally and  down,  to  form  a  .solid,  flattened  epidermic  cone,  the  superficial  cells 
being  central.  This  cone  penetrates  the  band  of  unstriped  muscle  joining  the 
iiuier  ends  of  the  superficial  lymph  sinuses.  In  its  upper  part,  this  cone  oi- 
]ilug  is  continuous  with  the  free  abdominal  surface,  but  nearer  the  pubes  it 
becomes  snared  oft'.  It  is  evident  that  dest|uamation  of  the  epidermis  gives 
a  pouch  with  its  opening  above.  From  the  po.sterior  a.spects  of  this  pouch 
llir  iiiaiiuuary  sti'uctures  bud  out,  but  my  specimens  show  only  tlie  early 
l)U<ls — Bresslau  has,  however,  worked  this  out.  The  unstriped  muscle  of 
the  intersinus  band  thus  comes  to  lie  in  front  of  the  pouch,  where  the 
ej)idermic  plug  is  buried  in  the  abdominal  wall. 

The  development  of  tlu?  mammary  pouch  is  thus  related  to  lymj)hatic 
sinus  development,  inasmuch  as  it  takes  place  between  the  inner  ends  of  the 
siinises;  on  the  other  hand,  the  round  ligament  and  gubernaculum  develop 
along  the  (Miter  edg<'  of  these  sinu.ses. 

'i'lic  cliirf  conclusions  may  therefore  now   br  suiiuihmI  uji  as  follows: — 

Til.'  round  ligament  of  tlu;  adult  human  female  is  e(|uivalent  to  the 
gubernaculum  in  the  male  embryo  at  the  stage  when  the  preformed  in- 
guinal canal  lia.s  been  made  by  the  latter  and  the  testes  are  still  abdominal, 
'  P'ide  i«i|RT  on  "  IX-scent  of  Testes,"  Part  I.,  fig.  8,  p.  2.'>:i. 
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and  not  to  the  full}'  developed  ifubernaculuni  wlieii  tlie  testes  are  descend- 
ino-.     It  has  thus  no  stage  of  involution. 

The  niamnia,  round  ligament,  Wolffian  body  and  its  ducts,  witii  the 
ovary,  form  a  connected  system — an  anatomical  unit  in  the  body — analogous 
to  what  I  have  already  described  in  the  male.  It  comprises  mamma,  ovarj', 
tubes,  vagina,  urogenital  sinus,  hymen,  external  genitals,  epoophoron,  upper 
part  of  Wolffian  duct  and  lower  end  of  Wolffian  duct.  This  is  the  female  uro- 
genital and  mammarv  unit — for  shortness  the  female  U.O.M.  unit — and  will 


'^^"/V^??^^ 


Fio.  3.  —  E|)ideiniis,  on  anterior  abd.  wall,  passing;  back 
and  in,  to  form  nianimary  pouch.     (-\°. ) 

be  analj'sed  along  with  the  male  U.G.M.  unit  in  its  elements  and  signitieance 
in  a  subse(|uent  paper  on  "  Mendelian  Action  tm  Diti'erentiated  Sex." 

II.  The  Descent  ok  the  Ov.vime.s. 

The  ovaries  develop  like  the  testes  on  the  iinier  and  anterior  aspects  of 
the  Wolffian  Ijodies  (tig.  4). 

There  is  a  well-marked  mesovarium,  bettei'  marked  than  the  primary 
mesoi-chium.  They  lie  at  first  in  the  hnnbar  region,  but  about  the  .5th  to 
Gth  week  their  position  is  lower  and  behind  the  genital  cord,  where  the 
mesovarium  is  well  marked.  In  the  adult  female  they  lie  on  the  posterior 
aspect  of  the  broad  ligament,  on  the  lateral  pelvic  wall,  in  front  of  the 
sacroiliac  joint,  immediately  below    tiie    iliopectineal    line,    and    with    the 
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ureter  curving  behind.  Their  descent  is  tlms  purely  from  the  abdomen 
into  the  upper  strait  of  the  pelvis.  The  question  may  be  asked  why  the 
ovaries  descend  no  further.  It  seems  at  first  sight  that  they  may  be 
arrested  by  the  infundibulo-pelvic  ligament,  and  also  because  the  well- 
developed  uterus  and  broad  ligament  lie  in  front,  and  may  block  fiirtlier 
descent.  The  ovaries  may,  however,  descend  as  far  as  the  inguinal  canal 
(ir  into  the  labium — .so-called  hernia  of  the  ovary — but  this  term  masks 
the  real  C(jiidition,  viz.,  that  it  is  a  de.scent  analogous  to  the  stages  of  the 


Kii;.  4. — .Si.\  weeks'  liuinan  embryo.     ('V'.) 
1,  ovary  :  -1,  iiiesovariutn  ;  :i.  Wolltian  l»o<ty. 

dr.scent  of  the  testes.  The  main  cau.se  is  the  normally  arrested  develop- 
ment of  the  round  ligament.  This,  as  already  pointed  out,  is  the  ecjuivalent 
(if  the  stage  of  the  gubernaculum  while  the  testes  are  still  undescended, 
'{'here  is  tiius  nothing  more  remarkable  in  normal  descent  of  the  ovaries  in 
tlie  adult  than  there  is  in  the  jjositioii  of  the  testes  with  the  gubernaculum 
in  a  condition  similar  to  tliat  of  the  i-ound  lig.-iiucnt. 

'{'he  round  ligament  pas.ses  into  the  .solid  labium  majus,  and  tiiis 
sti'ucture,  the  e()uivalent  of  a  iialf  .scrotum,  is  a  mammary  area,  shown,  not 
(jnly  by  tlie  vascular  and  nervous  supply  of  its  upper  part,  which  is,  in 
common  with  tliat  of  the  inguinal  region,  undoubtedl}-  a  mainniary  area, 
l)ut  al.so  stiikingl}'  proved  by  the  lal>ial  mamma  Harting  luus  so  fully 
described.     The  round  ligament  thus  t  nils  in  a  mamniary  area  and  connects 
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the  ovary  tlirough  tlie  ovarian  ligament  witli  it,  just  as  the  gubernaculum 
indirectly  by  means  of  the  caudal  testicular  ligament  joins  the  testes  to  a 
mammary  area.  It  thus  fultils  for  the  ovary  the  anatomical  genei-alisation 
I  have  made  for  testicular  descent,  i.e.  the  round  ligament  passes  to  a 
mammary  area,  modified  only  by  the  fact  that  it  does  not  pass  through 
the  full  development  the  gubernaculum  does. 

We  have  not  the  anatomical  detail  of  the  descent  of  the  ovary  that  we 
have  of  the  testes.  The  difficulty  here  is  the  want  of  material,  but  in  large 
maternities  like  those  in  our  chief  medical  centres  excellent  investigations 
could  be  made,  and  these  would  throw  light,  not  only  on  some  points  in 
testicular  descent,  but  also  on  those  of  excessive  ovarian  descent  usually 
imperfectly  described  as  hernia.  Thej^  are  analogous  to  the  cases  of 
ectopia  testis,  but  it  is  paradoxical  and  yet  correct  to  say  that  inguinal  and 
labial  ectopia  ovarii  are  normal  stages  for  tlie  testes,  while  pelvic  ectopia 
testis  is  analogous  to  the  normal  ovarian  position. 

For  literature  see  previous  paper  on  "  Tiie  Physii)li)gical  Descent  i>f  the 
Testes,"  and  Hertwig's  Lchrbuch. 
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X.— The  Structure  of  the  Reproductive  Organs  in  the  PYee- 
Martin,  with  a  Theory  of  the  Significance  of  the  Abnormality. 
By  D.  Berry  Hart,  M.D.,  etc.,  Edinburgh.*     (With  Two  Plates.) 

(MS.  received  November  1.'),  1909.     Read  November  22,  1909.) 

The  apparent  prodigality  with  which  Nature  jjrovide.s  for  the  reproduction 
of  plants  and  animals  lias  a  marked  exception  in  the  case  of  sterile 
organisms,  often  produced  on  a  lai'ge  scale,  in  which  every  function  except 
that  of  propagation  may  be  carried  on  in  a  quite  perfect  manner.  The 
cases  of  the  sterilisation  of  an  organism  are  best  seen  in  insects,  but  I 
wish  at  present  to  consider  its  occurrence  high  up  in  the  animal  kingdom 
in  the  well-known  case  of  the  Free-Martin,  an  apparent  sterile  cow  born 
co-twin  with  a  potent  bull. 

The  nature  of  the  free-martin  is  considered  one  of  the  unsolved 
problems  of  anomalous  sex.  John  Hunter,  who  tirst  drew  attention  to  it, 
speaks  of  it  as  an  unnatural  hermaphrodite.  "  Hermaphrodites  may  be 
divided,"  he  says,  "  into  two  kinds,  the  natural  and  the  unnatural.  The 
natural  hermaphrodite  belongs  to  the  inferior  and  more  simple  genera  of 
animals,  of  which  there  is  a  greater  number  than  of  the  more  perfect : 
just  as  animals  become  more  complicated,  have  more  parts,  and  each  part 
is  confined  to  its  particular  use,  a  separation  of  the  two  necessary  families 
for  generation  has  taken  place "  {op.  cit.,  p.  46).  Sir  James  Simpson,  in 
his  well-known  paper,  after  enumerating  the  paradoxes  in  the  knowledge 
at  that  time  of  the  free-martin,  says  in  conclusion:  "The  whole  series 
of  circumstances,  when  considered  in  conjunction  with  each  other,  seems 
to  form,  in  relation  to  the  origin  of  malformations,  one  of  the  strangest 
and  most  inexplicable  facts  to  be  met  with  in  thr  studj-  of  anormal 
development "  (op.  cit.,  p.  835). 

Spiegelberg  looked  on  the  free-martin  as  a  transverse  hermaphrodite, 
and  Geddes  and  Thomson  say :  "  No  theory  lias  j'et  explained  the  facts  of 
this  case  "  (op.  cit.,  p.  41). 

The  explanation  I  wish  to  bring  forwax-d  is  based  on  the  views 
expressed  in  a  previous  paper  on  "  Mendelian  Action  on  Differentiated 
Sex." 

I  must  tirst  describe  the  free-iiiartin,  next  consider  the  facts  known  a,s 
to  it,  and  then  give  my  view  as  to  its  iinoinalous  .sex-condition. 

♦  From  the  Lnliorntory  of  tlio  Royal  College  of  Physiciaiii",  Edinburgh. 
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The  free-martin  is  a  sterile  twin,  usually  co-twin  with  a  potent  bull.*  It 
has,  in  this  case,  the  lower  part  of  its  genital  tract  to  the  naked  eye  like 
that  of  a  cow,  the  upper  part  defective,  and  is  usually  considered  as  a  cow 
sterile  from  incomplete  development  of  its  upper  vaginal  and  uterine 
tract. 

John  Hunter  described  three  specimens : — 

(1)  Mr  Arbuthnofs  Free-Martin  {op.  cit.,  p.  52). — This  animal  was 
seven  years  old ;  went  with  the  cows  and  bull ;  never  showed  any  desire 
for  either.  The  external  parts  were  i-ather  smaller  than  in  the  cow ;  the 
vagina  was  contracted  above  the  urethral  opening,  becoming  continuous 
with  a  small  canal ;  uterus  with  two  horns,  two  ovaria,  and  two  testicles : 
vasa  deferentia  to  the  testicles ;  the  left  one  did  not  come  near  the  testicle, 
the  right  one  only  came  near  to  it  but  did  not  terminate  in  the  epididymis. 
They  were  both  pervious,  and  opened  into  the  vagina  near  the  urethra. 
Vesiculee  seminales  were  present,  smaller  than  in  the  bull ;  "  the  ducts 
opened  along  with  the  vasa  deferentia."  "  This  was  more  deserving  of  the 
name  hermaphrodite  than  the  following,  for  it  had  the  mixture  of  all  the 
parts,  although  all  were  imperfect." 

(2)  Mr  Wright's  Free-Martin,  fig.  1,  five  years  old  {op.  cit.,  p.  53). 
— This  animal  was  more  like  the  ox  or  spayed  heifer  than  the  bull  or 
cow.  The  vagina  had  a  blind  end  near  the  urethral  orifice ;  a  two-horned 
uterus;  testicles,  and  not  ovaria;  this  based  on  their  size  nearly  equal 
those  of  a  bull.  Yesiculaj  seminales  opening  into  vagina,  but  nothing  like 
vasa  deferentia ;  a  clitoris  was  present.  "  This  animal  cannot  be  said  to 
have  been  a  mixture  of  all  the  parts  of  both  sexes." 

(3)  Mr  Well's  Free-Martin  (op.  cit.,  p.  54). — Three  to  four  years  when 
killed,  more  like  a  heifer ;  no  desire  for  male.  Beginning  of  vagina  as  in 
cow,  but  obliterated  beyond  the  urethra,  although  a  solid  part  was 
continued.  Two  horns  and  two  ovaria ;  vas  deferens  in  interrupted 
portions.  Between  vagina  and  bladder  the  vesiculse  seminales,  and 
between  them  the  termination  of  the  vasa  deferentia.  "Tliis  could  not 
be  called  an  exact  mixture  of  all  the  parts  of  both  sexes,  for  here  was  no 
appearance  of  testicles  (op.  cit.,  p.  54).  He  thus  considered  Arbuthnot's 
case  to  have  testes  and  ovaries ;  Well's  case  to  have  ovai-ies,  and  Wright's 
case  testes. 

Sir   James    Simpson,  in    the    paper   already   quoted   on   "The   Alleged 
Infecundity  of  Females  born  co-twin  with  Males,"  states  as  his  conclusions 
tliat  the  human  female  co-twin  with  a  male  is  as  likely  to  be  fertile  and 
have  as  many  children  as  the  normal  woman  not  a  twin  {op.  cit.,  p.  835). 
*  The  reason  for  this  limitation  will  be  seen  afterwards. 
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The  third  paper  I  liave  now  to  consider  is  one  by  Professor  Otto 
Spiegelbei'g,  the  late  distinguished  obstetrician  of  Breslau,  who  examined 
the  parts  carefullj'  bj-  the  naked  eye  and  microscopically  in  a  free- 
martin  full-time  calf,  and  tlirew  great  light  on  the  nature  of  the 
free-martin  by  showing  that  it  was  an  imperfect  male  calf  and  not 
an  imperfect  female  calf.  Spiegelberg  had,  of  course,  the  advantage 
over  Hunter  and  Simpson  of  the  more  advanced  knowledge  of  his  time 
in  microscopical  technique  and  embrj'ology.  Rueff  also  noted  in  two 
cases  that  the  sexual  glands  were  testes  (1851),  and  Gui-lt,  in  1832, 
states  the  same. 

Spiegelberg's  cases  were  two  in  number,  and  are  briefly  as  follows : — 
Case  1. — This  was  one  of  twin  calves  killed  a  few  days  after  birth. 
Externally,  both  calves  seemed  normal.  The  male  had  the  testes  in  the 
scrotum,  the  internal  genitals  were  quite  normal.  In  the  apparent  female 
there  were  no  traces  of  uterus,  tubes,  and  ovaries  (nicJits  von  Uterus,  Tuben 
und  Ovarien);  instead  there  was  a  special  complex  of  organs,  which, 
beginning  a  little  distance  from  the  kidnej's  in  a  peritoneal  fold,  ran  down 
between  the  rectum  and  bladder  {vide  PI.  I.).  There  the  external  genitals 
are  opened  from  the  front  and  turned  to  the  side.  Vulva  and  clitoris 
normal;  the  former  passes  into  a  narrow  canal  li  inch  long  and  1  inch 
broad,  with  smooth  walls,  on  whose  anterior  wall  the  urethra  opens,  and  is 
accordingly  the  vestibule.  No  ti-ace  of  the  openings  of  Gartner's  canals 
was  evident.  At  the  apex  of  the  canal  is  an  opening  the  size  of  a  linseed, 
with  no  bridge  of  hymen,  through  which  one  can  carry  a  sound  up  and 
back  into  a  cavity  scarcelj^  an  inch  long.  The  wall  of  this  cavity  is  J  inch 
thick,  with  connective  tissue  and  trans\'erse  muscular  fibres.  Laterally 
from  this  rudiment  of  the  vagina  there  run  up  two  hollow  processes,  blind 
above,  about  1.5  lines  long;  below,  they  unite  with  the  wall  of  the  cavity, 
and  have  the  knob  of  the  sound  c  between  them ;  above,  they  end  free  in 
the  connective  tissue ;  both  have  a  narrow  lumen,  blind  at  both  ends. 
Between  them  lie  two  cords  close  to  one  another,  e  springing  from  the 
upper  wall  of  the  vagina ;  the  left,  16  lines  long,  loses  itself  in  the  peritoneal 
fold ;  the  right  runs  tortuouslj^  up  as  a  fine  thread,  ultimately  to  a  structure 
g.  Both  cords  form  a  relativelj'  wide  canal,  from  which  a  few  drops  of 
white,  slimy  fluid  can  be  squeezed.  The  canals  are  clo.sed  at  both  ends ;  /' 
is  .solid.  At  the  upper  end  of  this  arrangement  there  lie  on  each  side  two 
structures,  at  first  glance  tiie  sexual  glands.  The  vulvar  canal  is  thus 
vestibule  or  female  urogenital  canal :  the  cavity  b  is  rudimentarj-  uterus ; 
dd  are  rudimentary  vesiculiu  .seminales;  e  and  /  vasa  defercntia;  the 
double  organs  <j  and  /(  not  ovaries  and  testes,  but  testes  and  rudimentar}' 
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tubes,  with  a  canalicular  structure.  The  testes  are  thus  seen  at  <j,  and  at  /t 
rudimentary  portions  of  the  Wolffian  body. 

Spiegelberg  considers  this  to  be  a  case  of  transverse  hermapliroditism 
in  a  bull  calf,  the  upper  part  being  male  and  the  lower  female  in  type.  He 
summarises  the  literature  carefully,  and  concludes  that  "  if  the  twins  are 
both  female  or  of  a  different  sex,  their  sexual  organs  are,  as  a  rule,  well 
developed ;  if  both  male,  then  frequently  one  is  hermaphrodite.  ("  Sind  die 
Zwillinge  weiblich  oder  verschiedenen  Geschlechts,  so  sind  ihre  Geschlechts- 
organe  in  der  Kegel  wohlgebildet ;  sind  sie  beide  mannlich,  so  ist  sehr 
haulig  das  eine  derselben  ein  Hermaphrodit "  {op.  cit,  S.  130).)* 

Spiegelberg  quotes  Numan's  article  in  the  Journal  VeUrinaire  et 
Agricole  de  Belgique  par  Brognier,  etc.,  annee  1844,  as  a  valuable  contribu- 
tion.    This  it  undoubtedly  is,  as  I  have  found  on  studying  it.f 

The  summary  given  by  Spiegelberg  of  Numan's  conclusions  is  as 
follows : — 

(1)  If  a  cow  has  twins  of  different  sex  the  female  calf  has  almost  in- 

variably incompletely  developed  organs  and  is  sterile. 

(2)  This   fact   based   on   observations   has   exceptions,  and   cannot  be 

considered  as  indicating  an  exclusive  law. 

(4)  The  developmental  error  of  the  genitals  does  not  happen  exclusively 
to  the  female  of  similar  twin  couples,  but  occasionally  to  the  male, 
and  then  the  female  is  well  developed :  such  cases  are,  however, 
rare. 

(.5)  Multiple  births  are  frequent  in  cattle,  and,  so  far  as  the  female  is  con- 
cerned, are  to  be  considered  the  most  certain  and  constant  cause 
of  sterility ;  the  more  so  as  the  condition  of  the  sexual  organs 

*  Case  2. — 111  this  case  Spiegelberg  found  the  twins  of  dirt'erent  .sex  and  normal.  They 
evidently  came  from  separate  zygotes. 

t  Numan's  monograph  was  entitled  "  Verhandeling  over  de  onvruclitbaren  rundern 
bekend  onder  den  naam  van  Kweewen,"  etc.,  met  23  platen  ;  Utrecht,  N.  van  der  Monde, 
1843.  This  monograph  is  not  accessible  in  this  country,  so  far  as  I  have  been  able  to 
ascertain.  It  is  translated  in  the  Journal  Ve'te'rinaire  et  Ayricole  dc  Belgique  for  1844,  and  a 
copy  of  this  was  obtained  by  the  Royal  College  of  Physicians,  Edinburgh.  All  the  refer- 
ences to  Numan's  plates  are  given,  but  unfortunately  not  the  plates  themselves.  Nuiuan 
figures  nine  specimens,  of  which  six  are  the  same  as  Hunter's,  but  three  show  the  sexual 
glands  in  the  free-martin  to  be  evident  testes  with  the  Miillerian  element  much  less  repre- 
sented. A  rudimentary  preputial  sheath  is  present  in  the  latter,  so  that  the  animal  is  very 
like  a  bull.  Numan  terms  the  six  like  John  Hunter's  specimens  "  Heifer  Free-martins," 
and  the  three  remaining  as  "  Steer  Free-martins."  He  considers  only  the  six  as 
heifers,  but  all  the  nine  are  sterile  bulls.  He  figures  the  vesicula;  seminales  in  all,  but 
considers  them  in  the  six  heifers  as  diverticula  of  Gartner's  canal.  In  the  points  as  to  the 
sexual  glands  and  vesiculaa  seminales  he  is  in  error,  but  his  whole  monograph  is  a  very  able 
and  valuable  one. 
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which  causes  the  anomaly  does  not  as  j'et  seem  to  have  been 
observed  in  simple  born  calves.  One  finds,  however,  sometimes 
in  such  cases  incomplete  oi-gans  in  a  male. 

The  conclusion  stated  under  (4)  is  the  most  novel,  as  it  points  to  a  free- 
martin  with  a  sound  female  twin.  It  is  of  great  interest  theoretical!}'  in 
regard  to  Mendeli.sm  in  this  connection.  The  necessary  inoditication  of  (1) 
will  be  seen  presently. 

As  Hunter's  specimens  are  still  in  the  Museum  of  the  Royal  College  of 
Surgeons,  London,  it  was  therefore  a  matter  of  great  interest  that  the 
sexual  glands  should  be  examined  microscopically.  This  has  just  been  done 
under  the  direction  of  Dr  Arthur  Keith,  the  Curator,  and  by  permission  of 
the  Council;  and  I  am  greatly  indebted  to  Dr  Keith  for  permission  to 
examine  the  slides  and  make  microphotographs.  I  was  able  also  to  see  the 
naked-eye  specimens  themselves  during  a  visit  I  paid  to  the  museum. 

These  specimens,  although  now  about  140  j'ears  old,  are  in  perfect  pre- 
servation, and  it  is  still  more  remarkable  that  the  microscopical  sections, 
cut  in  celloidin  and  stained  with  logwood  and  eosin,  show  even  the  finer 
details  in  a  recognisable  manner. 

The  special  fact  that  emerges  is  that  all  the  sexual  glands  ai-e  testes  in 
Hunter's  cases,  that  adjacent  structures  are  epididymis,  and  that  in  none  of 
the  sexual  glands  are  ova  present.  The  characteristic  testicular  tissue  is  in 
the  form  of  tubuli  seminiferi,  and  in  only  one  are  spermatozoa  present. 
They  thus  show  the  condition  usually  found  in  undescended  testes  in  man 
and  in  the  testis  normally  before  descent  is  complete.  I  add  a  repoi't  of 
Hunter's  specimens,  and  the  structures  are  illustrated  in  the  figures  given. 

The  examination  of  the  slides  prepared  from  John  Hunter's  free- 
martin  specimens  gave  the  following  results : — 

SHde  678,  testes  with  tubuli  seminiferi ;  682,  epididymis  ;  686,  epididymis  and 
testes;  688,  epididymis;  689,  testes  and  hydatid  testis  (Miillerian) ;  690,  testes; 
691,  testes  and  hydatid  testis;  692,  testes  (Arbuthnot) ;  693,  testes  (AVright)  ;  694, 
testes,  scanty  elements.  In  691  the  Miillerian  hydatid  is  well  shown  {vide  figs. 
3  and  4,  PI.  II.). 

It  seems  to  me,  therefore,  fully  established  that  the  free-martin,  when 
the  co-twin  is  a  potent  male,  is  a  .sterile  male,  and  not  a  sterile  female,  i.e. 
they  are  identical  male  twins  except  in  their  genital  tract  and  secondary 
sexual  characters. 

The  following  table  shows  the  main  cases  (thirtj*  in  number)  I  iiave 
been  able  to  collect. 
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Author. 


John  Hunter 
(1786). 


Ndm.\n  (1843). 

Spiegelberg 
(1861). 


KUEFF. 


Hering. 


Anonymous. 


Scarpa. 

GURLT. 


Conditions  of  Organs. 


Remarks. 


(1)  Arhuthnot's  Free-Martin. 

Vagina,  upper  part  narrow  ;  testes  ; 
two  cornua ;  vasa  defer.,  vesiculae 
seminales. 

(2)   Wriijht's  Case. 

Vagina  with  blind  end  ;  two 
horns  ;  testes  really,  e.xternal  j^arts 
like  cow  ;  clitoris?. 

(.3)   Well's  Case. 

Teats  and  udder  small  ;  vagina 
as  in  (1) ;  vagina  and  uterus  not 
pervious  ;  testes  ;  vasa  deferentia  ; 
segments  of  vesicula;  seminales. 

Describes  nine  cases  :  .six  like 
Hunter's  and  three  somewhat 
ditt'frent. 

External  genitals  and  urinogenital 
sinus  as  in  cow  ;  rudimentary  vagina 
and  uterus  ;  parts  of  seminales  and 
vasa ;  parts  of  W.  bodies ;  testes 
rudimentary  (microscopical  examina- 
tion). 

Three  cases  :  two  had  testes  ;  no 
vesicuhe  seminales  ;  external  genitals 
female  ;  vagina  (?)  blind  in  all  three. 
Rep.  d.  Thierheilk.  von  Hering,  12 
Jahrg.  1851,  p.  103. 

Two  cases :  data  only  in  one. 
No  genitals  apart  from  vagina. 
("  Ausser  der  Scheide  nichts  von 
Genitalien  vorhanden  gewesen  und 
von  Grunde  jener,  Ijlos  eine  diinne 
Falte  des  Bauchfells  nach  beiden 
Seiten  hin  abgegangen  sein.") 

In  Fuchs'  TTiierarztl  Zeituny,  Jahrg. 
iii.,  note  given  of  five  female  calves 
from  twins  with  defective  uterus. 

In  another,  note  is  made  by  Fuchs 
of  a  preparation  at  the  Carlsruher 
Vet.  School,  of  case  with  both  male 
and  female  genitals. 

One  year  old  animal  with  external 
female  genitals  and  internal  male. 

Conditions  like  Spiegelberg's ; 
union  between  testis  epididymis  and 
vas  more  evident. 

Vagina  long  cul-de-sac  with  rudi- 
mentary uterus ;  solid  vesicuhe 
seminales  ;  vas  ended  in  prostate. 


"More  the  appearance  of 
the  ox  or  spayed  heifer"  {op. 
cit.,  p.  53). 


More  like  a  heifer ;  no 
microscopic  examination  made 
of  the  tissues. 


Potent  Inill  twin  and  free- 
martin  calves  slaughtered  one 
day  after  birth  ;  microscopical 
examination  of  structures. 


Pre.sence  of  twin  not  stated 
in  Spiegelberg's  summary. 


AUnatt  stales  that  he  was 
informed  of  cases  where  sexual 
desire  was  not  absent  in  the 
free -martin.  (There  is  no 
reason  why  it  should  be  absent 
as  a  rule,  as  the  testes  are 
usually  represented.) 
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Autlior. 

Conditions  of  Organs. 

Remarks. 

Simpson,  J.  Y. 
(1844). 

Mentions  dissection  of  two  adult 
and    one    calf  free-martin,  all  like 
Hunter's  cases.      Quotes  also  a  case 
of  Allen  Thomson's,  Simpson's  Obst. 
Mem.,  i.  p.  823. 

In  Todd's  Vyclopcedia,  he  quotes  a 
free-martin  where  lie  found  testicles. 

Simpson  does  not  consider 
the  question  of  the  female 
calves  co-twin  with  males  and 
fertile  as  being  derived  from 
separate  zygotes.  This  mis- 
take was  due  to  the  still 
current  error  of  holding  that 
sex  is  not  determined,  as  it 
really  is,  on  fertilisation,  but 
by  subsequent  changes  in  the 
zygote. 

A  free-martin  is  derived 
along  with  its  potent  twin 
from  one  zygote. 

I  have  now  to  explain  how  the  free-martin  arises ;  and  in  considering 
this,  the  cardinal  fact  must  be  kept  in  mind  that  the  potent  and  sterile 
twins  arise  from  one  zygote,  not  from  two,  and  that  the  genitals  of  each 
have  to  be  provided  from  a  single  zygote,  which  normally  might  give  rise 
to  one  perfect  male.  Simpson's  mistake  in  his  paper  was  his  not  recognising 
that  a  male  and  female  twin,  perfect  in  development,  arise  from  separate 
zygotes. 

I  must  now  consider — 

(1)  The  General  Anatomy  of  the  Genital  Tract  in  the  Female  Calf. 

(2)  The  Action  of  Mendelism  in  producing  the  Free-Martin  condition. 

(3)  Consideration    of   the   View  that  the  Free-Mai-tin    is   a  transverse 

Hermaphrodite. 

(4)  Summary  and  Literature. 


(1)  The  General  Anatomy  of  the  Genital  Tract  in  the  Fenutle  Calf. 

Thin  consists  of  ovaries,  Fallopian  tubes,  cornua,  vagina  (Miillerian  and 
uriiiogenital  sinus),  urethi-al  opening,  lateral  folds  of  skin  comparable  witli 
the  luimau  labia  majora  and  minora,  and  of  the  glans  phalli.  The  vagina 
is  urinogenital  sinus  in  its  lower  half  and  Miillerian  in  its  upper.  The 
urinogenital  sinus  portion  is  the  lower  end  of  the  anterior  division  of  the 
pars  penultima  of  the  primitive  gut  or  entodermal  cloaca  of  other  in- 
vestigators. The  lower  half  of  the  effective  vagina  is  thus  urinogenital 
sinus,  and  this  must  be  carefully  noted.  Developmentally,  the  sexual  glands 
and  urogenital  tracts  in  boves  arise  as  in  allied  mannnal.s,  i.e.  we  have 
Wolffian  bodies,  etc.,  and  on  tlie.se  the  ovaries  or  testes  develop;  sub- 
sequent changes  in  the  Wolfhan  bodies  and  ducts  give  us  in  the  female 
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;i  persistent  Woltfian  duct,  the  canal  of  Gartner,  instead  of  its  uppermost 
and  lowest  segments  as  in  most  mammals ;  while  the  ducts  of  Miiller  give 
the  vagina  tubes  and  cornua.  The  urinogenital  sinus,  urethra,  and  bladder 
arising  from  the  anterior  coronal  division  of  the  pars  penultima  of  the 
primitive  gut  make  up  the  rest  of  the  tract.  The  ova  and  spermatozoa 
arise  by  reduction  from  the  primitive  germ-cells,  and  these  arise  not  from 
the  germ  epithelium  but  from  the  primitive  germ-cell  mass,  itself  a  part  of 
the  unreduced  zygote  in  its  earliest  stage.  This  view  of  the  origin  of  the 
gametes  may  be  termed  the  zygotic  origin  of  the  gametes,  or  Owen- 
Weismann  law. 

In  the  normal  female  bovine  tract  we  have  not  only  the  potent  elements 
(ovary,  cornua,  and  vagina),  but  also  the  epoophoron  with  more  than  the 
ductus  epididymis,  viz.  the  whole  Wolffian  duct.  We  have  thus  in  the 
female  the  equivalents  of  the  epididymis  and  vas  deferens  of  the  male. 
These  are  not  functionally  active,  and  histologically  are  degenerated,  but 
are  quite  recognisable  in  the  broad  ligament. 

In  the  normal  bovine  male  we  have  not  only  the  potent  male  organs, 
but  also  the  hydatid  testis  (Mlillerian  duct)  and  the  prostatic  utricle,  the 
equivalent  of  the  hymen  usually,  and  a  varying  amount  of  degenerated 
female  genital  structures. 

These  potent  and  non-potent  elements  of  the  developed  tract  mean  causal 
unit-characters  in  the  zygote,  of  unequal  value,  usually  coupled  in  the 
human  male  and  autonomous.  Dominant  and  Recessive  in  their  nature,  and 
it  is  by  their  separation  or  segregation  into  the  soma  of  the  potent  male 
and  sterile  male  (free-martin)  that  we  get  the  explanation  of  this  anomaly. 

(2)  The  Action  of  Mendelism  in  producing  the  Free-Martin. 
When  a  male  zygote  twins  we  may  get — 

(1)  Identical  male  twins. 

(2)  One  perfect  male  and  one  sterile  male,  the  free-martin. 

In  (1)  there  is  an  equivalent  division  of  genital  and  somatic  determi- 
nants, and  identical  twins  is  the  result. 

How  do  a  perfect  male  and  imperfect  male  arise  ? 

In  the  free-martin  (2)  there  are  present,  as  Spiegelberg  shows,  urino- 
genital sinus,  rudimentary  vesiculse  seminales,  verj^  rudimentary  vagina 
and  knob  of  uterus;  testes  and  Wolffian  bodies,  both  imperfectly  developed. 

Now,  as  already  said,  we  have  to  account  for  the  genital  organs  in  the 
potent  bull  and  free-martin  from  one  zygote — a  male  zygote.  Had  this 
male  zygote  developed  a  single  bull,  it  would  have  had  potent  male  organs 
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(testes  and  phallus)  and  non-potent  female  ones,  viz.  Mlillerian  hj'datid 
attached  to  the  testis,  and  prostatic  utricle,  the  analogue  of  the  hj'nien, 
with  a  varying  amount  of  the  rest  of  the  female  Mlillerian  tract.  When  the 
twinning  of  a  male  zygote  in  black  cattle  takes  place,  this  potent  and  non- 
potent  complex  of  the  genital  organs  maj''  be  divided  so  that  the  potent 
part  goes  to  the  potent  bull-calf,  the  non-potent  to  the  free-martin.  This 
being  the  general  scheme  of  the  division,  we  must  now  account  as  exactly 
as  possible  for  the  various  parts  in  the  genital  tract  of  the  free-martin  in 
Spiegelberg's  case,  and  these  may  be  grouped  as  follows  for  explanation : — 
(a)  Testes ;  (b)  Urinogenital  sinus  and  external  genitals ;  (c)  Rudimentarj' 
vagina ;  (d)  Vesiculae  seminales,  vasa  deferentia,  and  Wolffian  bodies. 

(a)  Testes. — The  male  zygote  gave,  of  course,  sperm-germ  cells  in  the 
sperm-epithelium  of  its  Wolffian  ridges,  and  the  future  testes  became  divided 
between  the  twins.  This  division  took  place  most  probably  after  the 
pi-imitive  sperm-cell  mass  had  formed.     The  testes  are  undescended. 

(6)  Urinogenital  sinus  and  external  genitals. — The  former  is  probably 
derived  from  the  somatic  division  of  the  twins.  The  labia  and  glans  are 
non-potent  elements. 

(c)  Rudimentary  vagina  and  iiierus. — These  are  undoubtedly  derived 
from  the  Miillerian  hydatid  and  prostatic  utricle  (PI.  II.  fig.  4). 

{d)  Vesicuke  seminales,  vasa  deferentia,  and  Wolffian  bodies.  The  first 
two  arise  from  the  Wolffian  ducts  which  are  present  and  derived  from  the 
non-potent  elements ;  and  the  Wolffian  bodies  are  given  in  somatic  division. 

Thus  the  free-martin  with  a  jjotent  bidl  twin  is  the  residt  of  a  division 
of  a  nnale  zygote,  so  that  the  somatic  determinants  are  equally  divided,  the 
genital  determinants  unequally  divided,  the  potent  going  to  the  one  twin, 
the  potent  bidl,  the  non-jyotent  genital  determinants  to  the  free-martin. 
The  potent  organs  are  dominant,  the  non-potent  rece.ssive,  and  the  Mendelian 
scheme  maj'  be  figured  as  follows  (diag.  1 ) : — 

DiAG.  1.  Male  sex  gamete         X         Female  non-sex  gamete         P 

I! 
Male  zyg'ite  F' 

which  if  it  twins 
may  give 

D  , ! ,  K 


Bull  with  equivalent  soma  Bull  with  ecjuivalent  soma  aud  non- 

and  potent  genital  organs.  potent  genital  organs  (female  type). 

In  three  of  Numan's  cases  the  sterile  twin  had  testes  and  a  rudimentary 
preputial  slieath.  This  is  a  ran^  free-martin  where  the  Miillerian  elen)ents 
remain  in  the  potent  bull,  l)nt  the  preputial  element  of  tl»e  external  genitals 
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is  thrown  into  this  variety  of  free-martin.  There  are  thus  two  varieties  of 
bull  free-martin,  viz.  John  Hunter's  free-martin  (so-called  heifer  free- 
martin)  and  Numan's  free-martin  (steer  free-martin). 

Before  I  knew  of  Numan's  paper,  I  saw  that  there  .should  be  also  in 
Mendel's  scheme  a  free-martin  with  a  potent  female.*  I  could  admit  this 
as  a  possibility  not  yet  demonstrated,  but  Numan's  cases  show  its  existence 
clinically,  and  indicate  the  value  of  the  Mendelian  scheme  and  the  Owen- 
Weismann  law  in  studying  anomalous  sex.  This  very  rare  occurrence 
is  shown  in  the  Mendelian  scheme  (diag.  2).     We  rarelj'  get  the  following  : — 

DiAG.  2.  Female  sex  gamete         X         Male  non-sex  gamete         P 

II 
Female  zygote  F^ 

which  if  it  twins 
may  give 

D  I 1 1  R  ,. 

Female  with  equivalent  Female  with  non-potent 

soma  and  potent  genital  organs.  genital  organ.^  (male  type). 

One  point  not  yet  determined  so  far  is  as  follows ; — 

While  the  vaginal  and  uterine  rudiments  in  the  free-martin  are  un- 
doubtedly derived  from  the  normal  non-potent  elements  of  the  normal  male 
segregated  as  a  recessive  element,  as  in  F-  of  Mendel's  crossing  pea-experi- 
ments, I  am  in  doubt  yet  as  to  whether  urinogenital  sinus  and  the  external 
genitals  are  derived  from  these  or  from  a  division  of  the  soma. 

(3)  Consideration  of  the  View  that  the  Free-Martin  is  a  Hermajyhrodite. 
I  may  remark  here  that  the  non-potent  elements  in  the  human  genital 
tract  vary  in  amount.  Normally  in  the  male  we  have  only  the  prostatic 
utricle  and  hydatid  testis  (Mlillerian),  but  occasionally  we  have  the  non- 
potent  organs  more  extensive,  producing  a  uterus  and  vagina  in  a  male,  as  in 
Shepherd's  case.  These  are  described  as  tubular  or  transverse  herma- 
phrodites. They  are  not  hermaphrodites  at  all,  as  no  organism  is  herma- 
phrodite if  the  sexual  glands  are  similar.  Such  anomalies  are  due  to  an 
excessive  amount  of  the  non-potent  elements ;  and  as  these  are  of  the  opposite 
sex  type,  they  give  rise  to  the  idea  of  hermaphroditism.  Free-martins  thus 
are  not  hermaphrodite,  and  the  term  pseudo-hermaphrodite  means  nothing. 

(4)  Simnmary  and  Literature. 
General  Cmiclusions. — Nature  can  thus,  in  a  verj'  simple  and  etiective 
way,  sterilise  an  organism.     The  zygote,  male  or  female,  is,  for  this  purpose, 
*  As  yet  there  is  no  actual  anatomical  demonstration,  but  Numan  gives  one  of  these. 
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unequally  divided  bj^  twinning  (or  otherwise  in  single  cases),  so  that  only 
recessive  or  non-potent  genital  determinants  are  allotted  to  the  one  twin, 
and  in  this  way  sterility  is  absolutely  secui-ed. 

On  one  point  we  have  as  yet  no  information,  viz.  as  to  whether  or  not 
the  potent  bull  co-twin  with  the  free-martin  has  its  prostatic  utricle 
normal.  Theoretically  it  seems  to  me  this  may  be  defective  or  wanting, 
but  here  actual  dissection  is  necessary. 

The  free-martin  is,  according  to  Mendelian  phraseology,  a  pure  or 
extracted  recessive  quel  its  genital  determinants,  and  the  potent  twin  a  pure 
or  extracted  dominant,  both  of  F^  in  the  Mendelian  scheme.  Occasionally, 
but  very  rarely,  as  in  three  of  Numan's  cases,  the  recessive  element  is  less 
complete. 

The  potent  bull  alone  can  have  offspring,  and  some  of  its  males  must 
breed  true  to  the  dominant  genital  determinants,  in  certain  cases  at  any 
r-ate,  as  Mendel's  scheme  demands  and  theory  indicates.  This  will  intro- 
duce a  variation,  i.e.  we  may  get  a  bull  not  possessing  a  hydatid  testis, 
and  thus  varying  from  the  normal  bull,  and  we  get  here  one  factor  in  the 
mechanism  of  variation ;  but  I  defer  the  consideration  of  this.* 

According  to  J.  A.  H.  Murray,  the  origin  of  the  term  "  free-martin  "  is 
unknown.  In  Holland  they  are  termed  Kween,  and  in  Brabant,  Bouquetin 
in  France,  Taur;  in  ancient  Rome,  Taura  was  the  term  (Simpson  and 
Spiegelberg).  According  to  Simpson  and  others,  the  Romans  did  not  seem 
to  have  been  aware  of  the  association  of  the  "  Taura  "  with  twinning. 

I  have  to  thank  Professor  J.  Arthur  Thomson  for  valuable  references, 
and  Mr  Henderson  for  one  undoubted  specimen. 
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EXPLANATION   OF   PLATES. 


Plate  I. 


Genital  organs  in  full-time  free-martin  calf  (Spiegelberg)  (j). 

a,  urinogenital  sinus  laid  open  from  the  front  and  turned  back  :  a  sound  is 
passed  into  the  ISIiillerian  non-potent  element  with  the  knob  ending  at  c,  the 
uterus;  dd,  vesiculae  seminales ;  eef,  vasa  deferentia ;  g  g,  imperfect  testes;  hh. 
Wolffian  bodies.  In  John  Hunter's  free-martin  cases,  Owen  suggested  that  in  what 
Hunter  figured  as  double  and  differing  sexual  glands,  one  might  be  Wolffian  body 
{ride  Palmer's  edition  of  Hunter,  with  Owen's  notes). 

Plate  II. 

Fig.  1.  One  of  Hunter's  free-martin  cases.  It  has  the  head  and  horns  of  the  ox 
or  spayed  animal,  but  the  fore  and  hind  quarters  of  a  bull.  Rudimentary  nipples 
are  present. 

Fig.  2.  Sexual  gland  in  Hunter's  free-martin  ;  tubuli  seminiferi,  slide  678. 

Fig.  3.  Sexual  gland  in  Hunter's  free-martin  ;  epididymis  in  upper  left  angle, 
with  Miillerian  epithelium  and  glands  below  (hydatid  testis,  slide  691). 

Fig.  4.  Testis  in  scrotum  of  newly-born  human  foetus.  Testis  is  below  ;  above, 
on  right  side,  is  seen  the  hydatid  testis  unattached  and  then  epididymis  attached. 
To  left  of  ppididymis  lies  accessory  suprarenal  body. 
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OBSERVATIONS  ON  EPIDEMIC  CEREBRO-SPINAL 
MENINGITIS.  1 

By  Stuart  M'Donald,  M.D.,  F.E.C.P.Ed.,  lecturer  on  Pathology, 
School  of  Medicine  of  the  Royal  Colleges,  Edinhnrgh. 

From  tlu  Lahoralory  of  the  Itoyal  Collcrjc  of  Pliijsicians,  Ediuhnnj]!. 

(Plates  XLVII.  a\d  XLVIII.) 

The  following  oljservatioiis  on  epidemic  cerebro-spinal  meuiiigitis 
are  based  on  a  study  of  the  material  from  over  fifty  cases  of  the 
disease  which  occurred  in  Edinburgh  and  neighbourhood  in  the  winter 
and  spring  months  of  1907.  In  a  previous  communication  (1907''), 
the  general  pathology  and  bacteriology  of  the  disease  have  been  dealt 
with.  In  this  paper  attention  is  limited  to  {a)  observations  on  the 
staining  reactions  of  the  meningococcus ;  (6)  the  presence  of  leptothrix 
forms  in  the  cerebro-spinal  fluid  in  acute  cases  of  meningitis ;  (c) 
some  experimental  results  in  meningococcal  infection. 

The  Staining  Reactions  of  the  Meningococcus. 

Since  Jaeger's  original  communication  (1895  ^),  fierce  controversy 
has  arisen  with  reference  to  the  I'eaction  of  the  meningococcus  towards 
Gram's  strain.  A  study  of  the  literature  on  the  subject  leaves  one  in 
little  doubt  that  much  of  the  diificulty  has  arisen  from  the  confusion 
of  the  meningococcus  with  other  diplococci  which  have  no  etiological 
relationship  with  the  disease.  The  tendency  at  present  is  undoubtedly 
to  consider  that  the  entire  difficulty  may  be  satisfactorily  explained  in 
this  way.  From  my  own  experience,  however,  I  am  thoroughly 
convinced  that  at  certain  times  certain  strains  of  undoubted  meningo- 
cocci do  show  a  variable  reaction  towards  Ciram's  stain,  giving  at  one 
time  a  Gram-negative,  at  another  a  Gram-positive  reaction.  That 
such  a  reaction  is  uncommon  one  may  freely  admit.  In  my  nwu 
series  of  cases  I  was  able  to  demonstrate  meningococci  forty-three 
times  in  the  cerebro-spinal  lluid  during  life,  or  in  the  meninges  at  the 
post-mortem  examination.     In    thirty- five   of   these  cases  I  obtained 

'  Extracts  from  a  thesis  for  tlic  degree  of  M.D.  of  the  University  of  Edinliiirgh,  presented 
Ajiril  1!<0".  Towiud.i  the  expenses  of  the  investigation  n  grant  was  rcceiveil  from  the 
Moray  Kiiinl,  Kdinlmrgh  University.     [Received  for  publication  March  12,  11)08.] 
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cultures  of  the  orgauism,  but  in  ouly  three  <if  the  strains  did  I  observe 
this  Gram- variable  reaction. 

As  Gram's  stain  is  applied  by  different  observers  in  a  variety  of  ways  it  is 
necessary  to  state  the  precise  technique  employed  in  this  investigation.  Thin 
films  were  made  and  dried  at  a  gentle  heat ;  freshly  prepared  Gram's  gentian- 
violet  solution  was  applied  for  four  minutes.  The  solution  employed  consisted 
of  1  part  of  a  saturated  alcoliolic  solution  of  gentian-violet  and  9  parts  of 
aniline-oil  water.  The  films  were  then  washed  in  water  and  Gram's  iodine 
solution  applied  for  one  minute.  The  films  were  again  washed  in  water  and 
decolorised  in  absolute  alcohol  for  at  least  two  minutes.  As  a  counter-stain 
a  0'2  per  cent,  watery  solution  of  satt'ranin  was  applied  for  twenty  seconds. 

I  may  say  at  once  that  I  have  never  observed  a  (ji'am-positive 
reaction  in  meningococci  fresh  from  cerebro- spinal  fluid  stained  as 
above,  though  on  more  than  one  occasion  I  have  seen  cocci  resisting 
decolorisatiou  with  absolute  alcohol  for  one  minute.  The  three  strains 
of  meningococci  which  exhibited  the  Gram-positive  reaction  in  cultui'e 
were  obtained  from  the  cerebro-spiual  fluid  during  life  in  typical 
acute  cases  of  the  epidemic  form  of  the  disease. 

The  first  case  has  been  already  published  (1907  ^).  Clinically  and 
at  the  post-mortem  it  showed  the  ordinary  characters  of  acute  cerebro- 
spinal meningitis. 

Bacierioloijij. — The  cerebro-spiual  fluid  obtained  during  life  was  brownish 
and  turbid.  Large  nmnbers  of  typical  meningococci  were  present.  There 
were  fairly  numerous  intracellular  forms,  but  the  majority  were  free — between 
the  cells.  Practically  all  were  arranged  in  pairs,  and  tyjiically  flattened  on 
their  opposed  surfaces.  A  few  looked  slightly  elongated.  Very  large  numbers 
of  involution  forms  were  present.  Variation  in  size  and  in  intensity  of  staining 
was  marked.  Many  large  swollen  pale  coccal  forms  were  observed ;  some 
were  slightly  oval  and  showed  bipolar  staining.  In  some  the  rim  only 
of  the  organism  was  stained  at  all  well  ;  in  others  the  staining  was  more 
intense  at  one  side  of  the  coccus,  thus  giving  a  signet-ring  appearance. 
The  organisms  were  defiiutely  Gram-negative.  A  copious  growth  of  the 
organism  was  obtained  on  various  media  in  forty-eight  hours  at  body 
tom[)erature.  In  one  of  the  tubes  a  few  colonies  developed,  apparently  from 
aerial  contamination,  but  in  the  rest  of  the  tubes  only  meningococci  developed. 
The  colonies,  however,  differed  slightly  in  size  and  appearance.  Some  were 
very  minute,  clear,  and  transparent,  and  rather  resembled  pneumococcal 
colonies.  They  did  not  increase  much  in  size,  but  became  slightly  more 
granular.  Others  were  larger  from  the  first,  but  films  from  both  colonies 
sliowed  the  same  organism  ;  and  subcultures  from  the  larger  colonies  gave,  in 
twenty-four  hours,  colonies  indistinguishable  from  the  smaller  ones.  Films 
from  the  original  cultures  showed  the  usual  ai^iearance  of  meningococci  with 
great  numbers  of  involution  forms.  Tetrads  were  common  ;  a  few  were  rather 
elongated,  most  were  typically  Hattened  on  their  opposed  surfaces.  The  great 
majority  were  Gram-negative ;  a  few,  however,  both  of  the  elongated  and 
flattened  forms,  were  Gram-positive.  The  obvious  explanation  was  that  two 
organisms  were  present — one  Gram-positive,  the  other  Gram-negative,  and  this 
view  was  supported  by  the  appearance  of  the  growth  in  one  subcvdture  of  the 
organism  in  blood  agar.  In  this  case  the  colonies  strongly  suggested 
pneumococci,  and  films  showed  some  Gram-positive  diplococci,  some  of  which 
were  distinctly  elongated.  Subsequent  subcultures,  however,  on  serum  agor 
and  blood  agar  showed  only  the  typical  flattened  diplococci.     A  subculture  in 
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human  serum  showed  no  development  of  regular  capsules,  such  as  one  might 
expect  in  pneumocooci ;  only  swollen  involution  forms  of  meningococci 
were  found.  In  subsequent  cultures  the  colonies  became  slightly  more 
granular  and  opaque.  In  twenty-four  hour  growths  films  stained  by  Gram's 
method  showed  both  Gram-negative  and  Gram-positive  forms,  but  the  former 
ultimately  disappeared.  A  subculture,  fifth  generation  from  the  original 
culture,  was  made  on  serum  agar.  In  thirty-six  hours  a  fair  number  of 
colonies  had  developed ;  films  .showed  a  pure  culture  of  Gram-positive 
diplococci.  A  few  drops  of  sterile  bouillon  were  added  to  the  water  of  conden- 
sation in  the  tube  and  a  thin  emulsion  prepared  by  rubbing  down  the  colonies 
in  the  fluid.  Seven  minims  of  the  emulsion  were  inoculated  into  the 
peritoneum  of  a  mouse.  The  animal  suffered  no  inconvenience  from  the 
injection.  On  the  following  day  it  did  not  look  well,  but  it  took  its  food  and 
ran  about  the  cage.  Forty-eight  hours  after  injection  the  animal  was  still 
active  enough,  but  its  coat  looked  unhealthy.  It  was  then  killed  by 
chloroform  and  a  post-mortem  at  once  performed.  At  first  sight  there  was  no 
evidence  of  peritonitis  ;  there  was  no  excess  of  fluid  and  no  solid  exudate. 
Films  from  the  peritoneum,  however,  showed  distinct  cellular  reaction. 
Stained  by  Leishman's  method,  a  fair  number  of  diplococci  were  present,  nearly 
all  intracellular.  They  were  specially  situated  within  the  large  mononuclear 
cells,  which  also  showed  active  phagocytosis  towards  the  polymorphonuclear 
cells,  and  occasionally  towards  red  blood  corpuscles.  !Many  of  the  diplococci 
in  the  phagocytic  cells  could  be  seen  still  present  in  the  ingested  polymorphs. 
The  ingested  cells  showed  all  stages  of  degeneration.  ^lany  of  the  mono- 
nuclear cells  were  vacuolated.  ]\Iost  of  the  diplococci  were  typically 
flattened  on  their  opposed  surfaces  ;  many  stained  perfectly  well,  others  were 
obviously  degenerating.  Some  of  the  organisms  were  Gram-negative ;  these 
may  have  been  involution  forms,  the  majority  were  Gram-positive.  Cultures 
from  the  heart  blood  remained  sterile,  but  cultivations  from  the  peritoneum 
gave  a  pure  growth  of  the  original  diplococcus.  The  organism  was  kept  alive 
for  some  time.  Most  of  the  organisms  remained  Gram-iiositive,  but 
occasionally  a  few  Gram-negative  forms  were  noticed  even  in  young  twenty-four 
to  thirty-six  hour  cultures.  At  no  time  was  it  possible  to  obtain  a  culture  of 
this  organism  in  gelatin  at  room  temperature. 

I  regi'et  that  I  cannot  give  an  account  of  the  fermentation  properties 
of  this  organism  towards  the  various  sugars.  Such  observations  were 
attempted,  but  were  not  satisfactory  or  conchisive.  Many  might 
justifiably  refuse  to  accept  the  above  evidence  as  proving  that  we  were 
dealing  throughout  with  a  true  meningococcu.s.  In  the  light  of  a 
further  experience  of  similar  strains,  however,  I  am  convinced  that 
only  a  single  organism  was  present,  and  that  it  corresponded  witli  a 
Gram-positive  variety  of  an  undoubted  meningococcus  ?ucli  as  lias  been 
described  by  Yansteenberghe  (1906"),  and  others. 

The  necond  strain  in  which  this  Gram-variable  reaction  was  noticed  was 
derived  from  a  rather  less  acute  case  of  the  epidemic  variety,  which  lasted 
t\vent\'-five  days.  The  clinical  diagnosis  was  confirmed  by  lumbar  puncture 
during  life  and  by  a  complete  post-mortem  examination. 

The  organism  from  the  cerebro-spinal  fluid  was  a  typical  meningococcus  ; 
uniformly  and  constantly  Gram-negative  in  films.  \  pure  culture  on  scrum 
agar  was  dbtained  from  the  cerebro-spinal  fluid  during  life  on  two  difl'erent 
occasions.  To  naked-eye  examination  the  colonies  difl'ercd  in  no  way  from 
ordinary  meningococcal  growths.  No  growth  could  be  ol>tained  in  gelatin  at 
room  teiiipernture.  In  Alms  from  the  original  cidture,  however,  stained  by 
(Jram's   metho<],  both  ('iram-positive  and  Gram-negative  forms  were  present. 
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This  was  observed  as  early  as  tweiit3'-four  lioiirs  after  inoculation.  No 
elongated  forms  were  noted.  The  flattened  diplococcal  character  of  the 
organism  was  constant.  Tetrad  forms  and  short  chains  of  three  and  four 
elements  were  also  seen.  The  majority  of  the  cocci  were  Gram-positive, 
some  were  Gram-negative.  In  some  instances,  however,  one  element  in  the 
diplococcus  was  Gram-positive,  the  other  being  Gram-negative.  This  appear- 
ance, it  must  be  remembered,  was  seen  in  young  cultures  of  from  twenty-four 
to  thirty-six  hours'  growth.  A  somewhat  similar  appearance  may  be  some- 
times seen  in  old  cultures  of  various  cocci,  but  I  cannot  recall  having  seen  this 
appearance  before  in  adjacent  cocci  of  presuniablj'  the  same  age.  Occasionally 
also  in  the  middle  of  a  short  chain,  practically  all  the  members  of  which  were 
Gram-positive,  a  single  Gram-negative  coccus  was  observed. 

A  thirty-six  hours'  growth  of  this  organism  on  serum  agar  was  introduced 
into  the  peritoneal  cavity  of  a  mouse  as  before,  and  exactly  the  same  result  was 
obtained  as  in  the  first  experiment.  The  animal  was  killed  after  forty-eight 
hours.  There  was  perhaps  slightly  more  cellular  reaction  than  in  the  previous 
case,butthe  histological  appearance  of  the  films  was  just  as  before  (Plate  XLVII. 
Fig.  1).  There  were  practically  no  free  diplococci  present ;  all  were  ingested  by 
either  polymorphs  or  large  mononuclear  cells.  The  organisms  were  identical, 
morphologically,  with  true  meningococci ;  many  were  degenerating  and  showed 
an  acidophil  reaction.  Stained  by  Gram's  method,  most  of  the  cocci  were 
Gram-positive,  a  few  were  Grani-ncgalive.  A  culture  from  the  peritoneum 
on  serum  agar  gave  a  pure  but  scanty  growth  of  an  organism,  showing  the 
ordinary  naked-eye  appearance  of  meningococcal  colonies.  The  organism 
showed  very  feeble  growth,  however,  and  died  out  after  the  second  subculture. 
Films  stained  by  Gram's  method  showed  an  appearance  exactly  similar  to 
that  seen  in  the  culture  used  for  inoculation. 

The  ihird  strain  of  this  Gram-variable  meningococcus  was  derived  from  .i 
very  acute  fatal  case  of  the  epidemic  form  of  the  disease.  The  total  duration 
of  the  illness  was  about  fifty-seven  hours.  The  diagnosis  was  confirmed  by 
lumbar  puncture  during  life  and  by  a  complete  post-mortem  examination.  In 
the  cerebro-spinal  fluid  numerous  meningococci  were  present,  both  free  and 
intracellular  forms  being  noted.  The  organisms  from  the  fresh  fluid  were 
typically  Gram-negative.  A  copious  pure  growth  was  obtained  on  serum 
agar.  In  all  its  cultural  characters  it  corresponded  to  a  true  meningococcus. 
On  examining  films,  however,  from  the  first  subculture  some  Gram-positive  cocci 
were  fairly  numerous.  The  appearances  were  exactly  as  described  in  the 
cultures  of  the  second  strain :  one  half  of  the  diplococcus  being  Gram-positive, 
the  other  Gram-negative.  Occasionally  also  in  Gram-positive  short  chains, 
single  Gram-negative  cocci  were  seen  (Plate  XLVII.  Fig.  4). 

A  mouse  was  given  an  injection  (intraperitoneal)  of  5  minims  of  an 
emulsion  of  a  twenty-four  hours'  culture  of  this  organism  on  serum  agar. 
Films  from  the  culture  presented  the  appearances  described  above.  The 
mouse  was  found  dead  next  morning  about  twenty  hours  after  the  inocula- 
tion. Post-mortem,  there  was  found  early  sero-fibrinous  peritonitis,  and  the 
other  organs  showed  acute  toxic  change.  Films  from  the  peritoneal  exudate 
showed  enormous  numbers  of  meningococci,  with  numerous  involution  forms. 
There  was  rather  less  cellular  reaction  than  in  the  two  previous  cases,  and 
very  little  evidence  of  phagocytosis.  The  most  important  ditt'erence  was  that 
films  stained  by  Gram's  method  showed  the  organisms  to  he  uniformly  and 
completely  Gram-negative  (Plate  XLVII.  Fig.  3).  Pure  cultures  of  meningo- 
cocci were  obtained  from  the  peritoneal  cavity  and  heart  blood,  and  in  these 
cultures  and  in  subsequent  subcultures  the  organisms  retaineil  their  Gram- 
negative  character.     No  Gram-positive  elements  appeared. 

I   do  not   see   how   those  last   results    can    possibly    he   explained 
otherwise    than    on    the    hypothesis    that    we    were    dealing    with    a 
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Gram-variable  variety  of  the  lueniugococcus  wbicli  was  typically  Gram- 
negative  in  the  tissues,  but  in  certain  cultures  showed  Gram-positive 
characters.  The  organism  was  evidently  much  more  virulent  than  in 
either  of  the  two  previous  cases. 

It  would  be  futile  and  quite  unnecessary  to  try  to  awaken  at  this 
date  a  controversy  on  this  much  disputed  point.  Jaeger  (1901 "),  gives 
a  complete  account  of  the  work  of  various  observers,  including  that  of 
Mayer,  Pfaundler,  and  Fhinkel,  who  insist  on  this  Gram-\'ariable 
reaction  of  the  meningococcus  ;  and,  as  has  been  stated,  Vansteenberghe, 
(1906  ^),  has  come  to  the  same  conclusion.  It  is  not  surprising  that  an 
organism  so  variable  in  its  characters  as  the  meningococcus  is  known 
to  be  should  show  a  varying  reaction  to  a  stain  which,  however 
valuable  in  the  differentiation  of  certain  organisms,  does  not  give  con- 
stant results  in  a  not  inconsiderable  group  of  Ijacteria.  The  matter 
is  perhaps  after  all  not  of  supreme  importance,  but  it  must  be  insisted 
on  that  special  tenacity  of  Gram's  stain  in  the  case  of  some  particular 
diplococcus  from  a  case  of  acute  meningitis  is  not  sufficient  to  defin- 
itely exclude  the  organism  from  the  true  meningococcus  gi-oup.  The 
reaction  of  the  organism  in  the  living  tissues,  as  tested  by  animal  e.xperi- 
ment,  must  be  carefully  studied.  Useful  as  the  various  fermentation 
tests  for  the  meningococcus  undoubtedly  are,  it  is  questionable  if  they 
should  constitute  the  sole  and  final  court  of  appeal  iu  doubtful  cases. 

The  Occurrence  of  Leptothkix  Forms  in  the  Cerebro-Spixal 
Fluid  in  Gases  of  Acute  Meningitis. 

Iu  February  1907  I  was  asked  by  I'r.  Jolm  Tlioiiison  to  e.\aiuine  the 
cerebro-spinal  fluid  in  a  case  of  acute  meningitis.  In  Ids  experience  the  case 
differed  in  no  way,  clinically,  from  tlie  epidemic  form  of  the  disease  which 
was  then  prevalent.  On  lumbar  puncture  2i  drms.  of  almost  clear  cerebro- 
spinal Huid  were  obtained.  Films  showed  numerous  polymorphonuclear 
leucocytes  and  a  few  elongated  diplococci,  somewhat  .suggesting  pneumococci ; 
the  organisms  were  definitely  Gram-negative,  and  no  intracelhdar  forms  were 
observed.  The  most  striking  fcattire  in  the  films,  however,  wa.s  the  presence 
of  numerous  long  thin  irregularly  and  faintly  staining  bacilli ;  some  straight, 
many  slightly  curved.  These  organisms  were  also  Gram-negative.  Cultiva- 
tions were  attempted  on  serum  agar  and  blood  agar,  but  no  growtli  was 
obtained.  I  was  at  first  inclined  to  attribute  tlieso  bacillary  forms  to  a 
contamination,  hut  subsequent  examination  convinced  me  that  even  the  diplo- 
cocci were  merely  stages  in  the  develo])ment  of  the  longer  thread  forms, 
and  my  e.\perience  in  the  case  ne.xt  to  be  described  confirmed  my  opinion  that 
we  were  dealing  witli  a  leptothrix  invasion  of  tlie  cerebro-sjjinal  Huid.  Xo 
meningococci  or  pueumococci  were  demonstrated  in  this  case.  It  is  possible, 
of  course,  that  either  of  these  organisms  may  have  been  originally  ])resent  but 
had  died  out.  The  case  ternnnated  fatally  iu  about  eighteen  days.  I'u- 
fortunately  no  sprtin  could  be  obtained. 

A  second  case  of  the  same  description  was  admitted  to  the  Roj-al  Hospital 
for  Sick  Children,  I'Minburgh,  on  9th  February  1907.  The  ]iatient  was 
discharged  to  the  City  Fever  Hospital,  ami  died  there  after  a  total  illness  of 
eight  clays.  Clinically,  in  tlie  opinion  of  Dr.  .bihn  Thomson  it  could  be  in 
no  way  distinguished  from  the  other  cases  of  acute  cerebro-spinal  nieiiinpitis. 
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On  9tli  Febraary  4  c.c.  of  slightly  turbid  fluid  were  obtained  by  lumbar 
puncture.  Films  from  the  deposit  showed  numerous  polymorphonuclear 
leucocytes  and  some  elongated  diplococci,  suggesting  the  appearances  of  the 
shorter  forms  seen  in  the  previous  case.  In  addition,  some  longer  bacillary 
forms,  irregularly  staining  and  definitely  Gram-negative,  were  present.  These 
also  closely  resembled  the  shorter  of  the  thread-like  forms  seen  in  the  previous 
case.  The  organisms  were  entirely  extracellular,  and  were  not  so  numerous 
as  in  the  first  case.  Xo  diplococci  resembling  either  pneuniococci  or  meningo- 
cocci were  discovered.  Again  suspicious  of  a  contamination,  I  obtained 
another  specimen  of  cerebro-spinal  fluid  three  days  later.  The  appearances  of 
the  films  were  practically  similar  to  those  seen  from  the  first  specimen. 
Cultures  were  made  from  the  first  specimen  on  blood  agar  and  on  Lo  filer's 
serum  smeared  with  sterile  blood.  Xo  growth  appeared  on  the  blood  agar 
for  three  days.  At  the  end  of  that  time  numerous  colonies  appeared  of  what 
Seemed  to  be  pneumococci.  The  colonies  were  small,  round,  discrete,  and 
almost  transparent,  but  on  making  films  long  thin  bacilli,  in  some  cases 
slightly  curved,  were  found.  The  bacilli  in  their  morphology  and  staining 
characters  corresponded  entirely  with  the  bacilli  in  the  cerebro-spinal  fluid. 
On  the  next  day  films  showed  a  tangled  mass  of  sinuous  filaments.  In  some 
films  stained  by  Gram's  method  minute  points  could  be  seen  in  the  filaments 
retaining  the  stain,  but  the  filaments  tliemselves  were  rapidly  and  completely 
decolorised.  Xo  true  branching  was  observed.  The  organism  corresponded 
to  a  leptothrix  form.  Among  the  filaments  some  small  oval  highly  refractile 
bodies  were  .seen  in  the  older  cultures,  and  in  addition  some  minute  diplococci 
very  distinctly  Gram-positive  were  noted.  About  six  days  after  the  tube  was 
inoculated  a  fine  white  powdery  appearance  was  seen  on  the  surface  of  the 
medium,  a  little  suggestive  of  the  powdery  efflorescence  seen  sometimes  iu 
cultures  of  streptothrix  forms.  Later  a  grey-white  wrinkled  film  developed 
•over  the  water  of  condensation  and  the  sloped  surface  of  the  medium.  No 
difficulty  was  experienced  in  obtaining  subcultures  on  ordinary  media,  but 
the  bacilli  in  these  subcultures  appeared  as  shorter  plumper  rods,  and  I  am 
not  able  to  .say  with  certainty  that  these  were  not  due  to  secondary  aerial 
contamination,  the  original  leptothrix  being  crowded  out.  These  later  cultures 
were  what  were  used  tor  the  inoculations  described  below,  and  this  must  be 
remembered  in  deducing  absence  of  pathogenic  property  in  the  leptothrix. 

The  diplococci  mentioned  above  were  isolated  in  subcultures.  The  same 
organism  appeared  on  the  Loffler's  serum  media.  They  were  constantly  and 
strongly  Gram-positive.  In  subsequent  cultures  they  assiimed  a  staphylo- 
coccal character.  They  were  rather  smaller  than  Diploi'aci-us  rrassus,  but 
•otherwise  they  corresponded  with  that  organism.  A  post-mortem  (limited 
to  the  central  nervous  system)  was  obtained  in  this  case. 

Sjnnal  cord. — On  opening  the  dura  there  was  found  distinct  hypersemia 
of  the  pia  arachnoid,  with  some  fine  recently  formed  adhesions  between  dura 
and  pia.  There  was  no  distinct  recent  exudate  visible  to  the  naked  eye. 
Brain. — There  was  well-marked  fibrino-purulent  leptomeningitis,  best  marked 
over  the  sides  and  vertex  of  the  brain  anteriorly,  but  also  present  on  the 
under  surface  of  the  temporal  lobes.  Otherwise  the  base  of  the  brain  was 
free  from  exudate.  The  exudate  was  yellow-white  in  colour,  and  occurred  in 
j)atches  with  sharply  defined  outlines.  These  patches  completely  covered 
areas  on  the  cerebral  surface  up  to  an  extent  of  H  inch  in  diameter.  Films 
from  the  exudate  showed  a  few  bacilli  similar  to  those  seen  in  the  cerebro- 
spinal fluid  during  life,  and  a  few  diplococci  resembling  those  which  developed 
in  the  cultures.  Cultures,  however,  on  various  media  remained  sterile.  Xo 
evidence  was  obtained  of  any  special  pathogenic  property  of  the  leptothrix. 
A  mouse  inoculated  (intraperitoneally)  with  7  minims  of  the  original 
cerebrospinal  fluid  sutt'ered  no  inconvenience,  and  remained  iierfectly  well. 
-V   thick   emulsion  was  prepared    in    broth   from   a  forty-eight   hours'  surface 
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growth  of  the  leptothrix  in  a  20  c.c.  flask  of  bouillon.  The  foUowm;;  doses 
of  the  enmlsion  were  given  respectively  to  a  mouse,  a  young  guinea-pig,  and 
a  young  rabbit,  namely,  5  minims,  10  minims,  and  14  minims.  The  mouse 
and  guinea-pig  were  inoculated  intraperitoneally,  the  rabbit  intravenously. 
None  of  the  animals  suffered  the  slightest  inconvenience,  and  remained 
perfectly  well. 

I  have  since  seen  three  other  eases  of  this  leptothrix  invasion  of 
the  cerebro-spinal  fluid.  The  organisms  in  these  latter  cases  corre- 
sponded exactly  to  those  described  in  the  first  two  cases.  In  one  ease 
no  other  organism  was  found ;  in  the  second  a  true  meningococcus 
was  pi-esent  with  the  leptothrix,  and  in  the  third  a  coccus  was  present 
which  may  have  been  Diplococcus  crassus.  Its  exact  nature  was  not 
determined.  In  each  of  the  thi'ee  cases  there  was  very  active 
phagocytosis  of  the  bacilli  by  the  polymorphonuclear  leucocytes.  In 
none  of  them  was  any  growth  of  the  leptothrix  obtained,  though 
repeated  attempts  were  made  on  various  media.  In  one  only  of  the 
cases  was  there  an  opportunity  of  examining  the  brain  post-mortem, 
though  all  terminated  fatally.  The  exudate  in  this  case  was  much 
less  abundant  than  in  the  previous  case  which  came  to  post-mmtem 
examination,  but  it  had  the  same  general  characters  and  distribution. 

As  regards  the  general  significance  of  this  leptothrix  invasion, 
the  evidence  at  present  hardly  warrants  a  definite  opinion.  There  is 
nothing  to  indicate  that  it  is  the  causal  organism.  The  most  natural 
explanation  is  that  it  has  found  its  way  secondarily  into  the  spinal 
canal,  and  its  association  with  organisms  other  than  the  meningococcus 
favours  this  vievf.  It  may  be  that  the  cases  are  primarily  meningo- 
coccal, the  meningococci  being  either  extremely  scanty  or  having  died 
out  altogether.  On  the  other  hand,  it  would  appear  that  the  infection 
has  at  least  been  modified  by  the  presence  of  the  liacilli,  as  the  exudate 
in  the  two  cases  I  have  seen  has  been  very  definitely  much  more 
fibrinous  than  in  meningococcal  meningitis,  and  its  distribution  has 
not  been  quite  that  seen  in  the  epidemic  cases.  Even  if  it  be  regarded 
as  a  purely  secondary  infection,  however,  it  is  interesting  as  suggest- 
ing a  possible  route  of  invasion  of  the  real  causal  organism,  such 
leptothrix  forms  being  most  usually  found  in  infections  about  the 
mouth,  pharynx,  or  lungs.  It  is  quite  possible  that  in  other  cases  of 
serious  disease  in  tlie  central  nervous  system,  Imcilli,  secondarily 
invading  the  spinal  canal,  may  be  mistaken  for  the  primary  cause  of 
the  disease. 


SOMK    KXPKUI.MKNT.M,    OnSKHVATIONS    ON    TIIK    MkNIXGOCOCCUS. 

The  animals  used  were  specially  mice  and  monkeys,  but  a  few 
experiments  were  also  made  on  guinea-pigs  and  one  on  a  goat.  Of  the 
smaller  animals  the  mouse  is,  in  my  experience,  by  far  the  most 
suitable  animal  for  experimental   work.      The  results,  however,  vary  to 
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a  very  considerable  extent :  this  can  be  readily  understood  when  we 
remember  the  great  variation  in  virulence  which  the  meningococcus 
may  exhibit.  The  experiment  quoted  in  the  case  of  the  third  strain, 
which  showed  the  Gram-variable  reaction,  is  typical  of  what  is  seen 
when  a  virulent  variety  is  employed.  The  rate  at  which  the  virulence 
of  the  organism  becomes  diminished  varies  greatly.  In  the  case  of 
some  of  the  older  cultures  even  small  mice  resisted  enormous  doses. 
Though  I  have  only  made  a  few  observations  on  cultures  long 
removed  from  the  body,  in  one  case  at  least  the  organism  appeared  to 
be  quite  as  virulent  to  mice  nine  weeks  later  as  in  the  first  sub- 
culture. Fairly  constant  results  followed  the  intraperitoneal  injection 
of  from  5  to  7  minims  of  the  cerebro-spinal  fluid  fresh  from  the  body 
of  acute  epidemic  cases,  the  animals  almost  invariably  dying  in  from 
twelve  to  thirty  hours.  Only  in  two  cases  where  fresh  cerebro-spinal 
fluid  was  used  were  negative  results  obtained.  In  these  two  cases 
two  mice  were  inoculated  with  5  and  7  minims  respectively  of  fluid 
obtained  by  lumbar  puncture  in  an  acute  adult  case.  Organisms  were 
fairly  numerous  in  the  films.  Neither  animal  suffered  any  incon- 
venience, and  both  were  alive  and  well  one  month  later.  On  the  other 
hand,  in  another  case  where  the  organisms  were  extremely  scanty  in 
the  original  fluid  from  an  acute  case  a  fatal  result  was  obtained  in 
about  thirty  hours  by  the  injection  (intraperitoneally)  of  7  minims  of 
the  fluid.  There  was  apparently  distinct  multiplication  of  the 
organisms  in  this  case,  and  though  no  growth  could  be  obtained  from 
the  original  Huid  a  fairly  copious  growth  was  obtained  from  the 
peritoneal  exudate  and  also  from  the  heart  blood.  It  is  therefore 
advisable,  in  cases  where  the  organisms  are  very  scanty  in  the  fluid, 
and  where  it  is  important  that  a  culture  should  be  obtained,  that  an 
intraperitoneal  injection  of  the  fluid  should  be  made  in  a  mouse ;  in 
this  way  the  organism  may  be  secondarily  recovered. 

In  contrast  to  this  case,  however,  it  must  be  admitted  that  in  one 
case,  where  the  organisms  were  very  numerous  in  the  original  Huid 
and  no  difficulty  was  experienced  in  obtaining  a  fairly  copious  growth, 
only  three  colonies  were  obtained  from  the  peritoneum  of  a  mouse 
inoculated  with  the  fresh  fluid  and  dying  in  twenty-six  hours.  Films 
from  the  peritoneum  in  this  case  showed  very  large  numbers  of  the 
organisms,  many  staining  perfectly  well.  This  only  illustrates,  however, 
the  well-established  point  that  only  a  very  minute  percentage  of  the 
cocci  in  the  tissues  are  viable. 

In  a  very  considerable  proportion  of  the  cases  of  infected  mice 
the  organism  was  recovered  from  the  heart  blood  as  well  as  from  the 
peritoneum.  It  is  a  point  of  some  importance,  in  examining  infected 
mice,  to  note  that  to  the  naked  eye  there  may  be  very  little  reaction 
in  the  peritoneum. 

I  have  made  no  special  study  of  the  relative  ]ir(>iiorlii>n  of  the 
intlanuuatnry  colls  in  the  peritoneal   exudate  at  ditlercnt  periods.      As 
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far  as  I  have  observed,  however,  the  appearances  closely  resemble 
those  seen  in  peritonitis  artificially  induced  by  such  an  organism  as 
Bacillus  coli  communis.  In  the  milder  cases  that  are  on  the  way  to 
recovery  active  phagocytosis  on  the  part  of  the  large  mononuclear  cells 
is  a  special  featm-e.  In  mice  receiving  very  large  doses  of  culture  there 
may  be  very  little  cellular  reaction,  the  animals  dying  of  a  pure 
toxaemia. 

Guinea-pigs  even  when  young  have,  in  my  experience,  not  been  so 
satisfactory  for  experimental  work. 

In  one  case,  for  instance,  a  young  guinea-pig  was  given  (intraperitoneally) 
12  minims  of  an  emulsion  of  a  twenty-four  hours'  growth  of  a  meningococcus 
from  an  acute  case.  Five  minims  of  this  same  emulsion  killed  a  mouse  in  less 
than  thirty  hours,  but  the  guinea-pig  lived  for  sixteen  days,  and  at  the  seciio  I 
was  unable  to  recover  the  organism. 

One  experiment  was  performed  on  a  young  goat  with  negative  result. 
The  virus  employed  consisted  of  30  minims  of  turbid  cerebro-spinal  fluid 
containing  numerous  meningococci,  from  an  acute  epidemic  case  in  a  child. 
A  subdural  spinal  inoculation  was  made  in  the  region  of  the  upper  lumbar 
vertebrie.  Some  difficulty  was  experienced  in  introducing  the  needle,  owing 
to  the  overlapping  of  the  laminae,  but  ultimately  a  few  drops  of  clear  cerebro- 
spinal fluid  escaped.  The  injection  was  then  made  ;  the  animal  did  not  appear 
to  sufler  the  slightest  inconvenience  either  at  the  time  or  subsequently.  Five 
minims  of  the  same  fluid  gave  a  rapidlj-  fatal  result  in  a  mouse. 

It  is  interesting  to  note  the  varying  results  which  have  been  obtained 
by  diflerent  observers  in  the  case  of  goats.  Heuhner  (1896"),  ob- 
tained a  positive  result,  as  did  also  Councilman,  Mallory  and  Wright, 
(1898 «).  On  the  other  hand,  Bettencourt  and  Franca  failed  (100-i»), 
and  though  Albrecht  and  Ghon  (1901  i")  had  a  fatal  result  with  con- 
vulsions, they  failed  to  recover  the  organism,  or  indeed  to  demonstrate 
any  pathological  change  in  the  brain  or  cord. 

Experimental   Work  on  Monkey.<>. 

Very  little  work  has  been  done  in  this  direction  till  quite 
recently.  In  1904  Bettencourt  and  Franca  attempted  to  reproduce 
the  disease  in  apes,  but  failed.  In  1906  Flexner  recorded  a  series  of 
successful  attempts  through  intraspinal  injections  of  cultures  of  the 
meningococcus.  Later,  in  1906,  von  Liugelsheim  and  Leuchs 
published  the  results  of  two  successful  experiments,  and  Flexner, 
(1907^),  gave  a  full  account  of  his  work  up  to  that  date.  Flexner 
was  able  to  reproduce  all  the  essential  features  of  tlie  disease.  I  do 
not  propose  to  make  any  reference  to  the  results  he  obtained  in 
inducing  immunity  towards  the  artificially  produced  disease,  as  I  have 
done  no  work  in  tliis  direction  myself. 

In  March  and  April  1907  I  performed  seven  exjwriments  «\\ 
monkeys,  and  give  below  an  abstract  of  the  result  in  each  case.  The 
doses  of  the  cultures  employed  by  Flexner  are  admitteiUy  very  large. 
In  six  of  my  exjieriments  I  used  small  doses  of  cerebro-spinal  Huid 
fiom  acute  and  subactite  ca.ses  of  the  epidemic  form  of  this  disease,  so 
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tliat  the  mmiljer  of  orgaDisms  iutnxluced  lias  beeu  cousiderably  less 
thau  Flexner  employed.  The  action,  however,  may  possibly  have  been 
intensified  by  the  pi-esence  of  aggressins  in  the  cerebro-spinal  fluid. 
In  all  my  cases  also  I  gave  a  single  injection  only  in  each  case. 

Experiment  1. — March  1. — A  fair-sized  monkey  (Rhesua)  was  inoculated 
with  a  sixty  liours'  culture  (second  generation)  of  a  meningococcus  obtained  post- 
mortem from  an  acute  case.  The  colonies  on  one  serum  agar  tube  were 
rubbed  down  in  sterile  broth,  and  20  minims  inoculated  subdurally  in  the 
lumbar  region.  The  animal  was  etherised.  On  recovering  from  the  anaes- 
thetic it  showed  no  bad  eflects.  There  were  never  any  meningeal  symptom.s  ; 
the  animal  died  about  tliree  months  later  considerably  emaciated,  but  at  the 
post-mortem  examination  extensive  tuberculosis  was  found.  There  was,  how- 
ever, no  evidence  of  meningitis  in  brain  or  cord.  This  negative  result  was 
probably  due  to  the  age  of  the  culture. 

Experiment  2. — March  17. — A  monkey  (Ehesus)  was  given  a  subdural 
injection  of  15  minims  of  the  centrifugalised  deposit  from  cerebro-spinal  fluid 
from  an  acute  case  of  the  epidemic  variety.  The  organisms  in  the  fluid  were 
very  scanty.  The  animal  was  etherised  and  the  parietal  bone  exposed ;  a 
minute  trephine  opening  was  then  made  tlirough  the  skull  and  a  tine  needle 
introduced  just  below  the  dura.  The  fluid  was  slowly  introduced  and  the 
wound  closed.  The  next  day  the  animal  looked  perfectly  well.  In  the 
afternoon  it  had  a  convulsion  lasting  for  about  three  minutes.  In  the  evening 
it  was  distinctly  ill.  It  showed  great  weakness  of  the  arms  and  clonic  lateral 
spasms  of  the  neck  with  a  general  condition  of  hypertonus.  There  was  no 
rigidity  of  the  limbs.  At  11  p.m.  lumbar  puncture  was  performed,  the  fluid 
was  slightly  turbid  and  showed  an  excess  of  polymorphs,  but  no  organisms 
were  discovered,  and  cultures  from  it  remained  sterile.  The  next  day  there 
were  some  slight  convulsive  attacks,  but  the  animal  gradually  recovered,  and 
for  six  weeks  remained  quite  well.  It  then  began  to  sliow  some  emaciation, 
and  ultimately  died  about  fourteen  weeks  after  inoculation. 

Post-mnrfeiii. — The  most  striking  change  was  the  enormous  thickening  of 
the  skull  which  was  present:  the  bone  was  soft  and  vascular;  the  condition 
had  certainly  developed  since  the  operation,  hut  there  is  no  evidence  that  it 
was  a  direct  result ;  similar  conditions  I  understand,  though  hardly  as  extreme, 
are  not  uncommon  in  monkeys,  and  depend  on  improper  diet,  etc.  There  was 
slight  but  distinct  chronic  leptomeningitis.  The  dura  was  adherent  to  the  pia 
at  the  seat  of  puncture.  Xo  organisms  could  be  discovered  in  films  or  demon- 
strated in  sections.  Sections  of  the  cortex  showed  slight  thickening  of  the 
pia  arachnoid  with  dilatation  of  vessels  in  the  brain  itself.  The  spinal  cord 
showed  nothing  abnormal  either  on  naked-eye  or  microscopical  examination. 
In  spite  of  the  early  symptoms  and  evident  meningitis  one  cannot  regard  this 
as  a  proved  case,  as  the  organisms  were  never  demonstrated.  The  histological 
appearances,  however,  are  not  unlike  what  one  sees  in  cases  of  very  chronic 
posterior  basal  meningitis.  None  of  the  other  organs  showed  any  special 
change. 

Experiment  3. — March  17. — A  small  monkey  {Callifhrix)  was  inoculated 
with  12  minims  of  cerebro-spinal  fluid  from  a  subacute  case  of  meningococcal 
meningitis.  The  organisms  were  numerous  in  this  case.  The  same  procedure 
was  adopted  as  in  Experiment  No.  2,  and  tlie  fluid  injected  tlirough  the 
parietal  bone.  On  the  evening  of  the  following  day  the  animal  was  dull  and 
apathetic  ;  it  would  not  move  from  the  corner  of  the  cage  :  later  it  became 
weak  and  lay  on  its  side.  There  was  apparent  blindness  ;  from  time  to  time 
there  were  lateral  jerking  movements  of  the  head,  but  there  were  no  general 
convulsions.     The  next  morning  it  seemed  better  and  was  able  to  sit  up,  but  it 
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never  quite  recovered.  There  was  slight  rigidity  of  the  back  before  death, 
which  occurred  iive  daj's  after  inoculation. 

Ahttract  of  Serfio. — Early  leptomeningitis  with  some  small  haemorrhages. 
There  was  no  evidence  of  injury  to  the  brain  by  the  injection  needle.  On  the 
surface  of  the  brain,  about  i  inch  from  the  point  of  inoculation,  there  was  a 
small  superficial  area  of  softening.  There  was  also  early  spinal  meningitis. 
In  the  abdomen  the  only  point  worthy  of  special  note  was  extensive  haemor- 
rhage in  the  gastric  mucosa.  Films  from  the  surface  of  the  brain  at  some 
distance  from  the  point  of  inoculation  showed  meningococci,  mostly  degenerated, 
however.  Several  impurities  appeared  in  cultures  from  the  brain,  and  the 
meningococcus  was  not  recovered. 

Histolofiij. — The  lesions  in  the  cerebral  meninges  were  strictly  comparable 
to  the  changes  seen  in  the  natural  disease ;  but  there  was  more  perivascular 
infiltration  witli  lymphocytic  cells  than  is  seen  in  man.  The  appearances  in 
the  spinal  meninges  also  resembled  those  seen  in  man,  but  there  was  again 
more  infiltration  along  the  lymphatics  and  more  evidence  of  degenerative 
change  in  the  nerve  cells  than  is  seen  in  the  human  ca^^es.  Meningococci  were 
■demonstrated  in  sections  of  the  cerebral  meninges,  but  nowliere  else.  The  other 
internal  organs  showed  acute  parenchymatous  change. 

Experiment  4. — A  monkey  (CaJIithrix)  was  inoculated  on  March  18th 
"with  14  minims  of  cerebrospinal  fluid  from  an  acute  case.  The  organisms 
were  fairly  numerous  in  the  fluid.  The  animal  was  etherised  and  the  fluid 
introduced  into  the  spinal  subdural  space  between  the  seventh  and  eighth 
•dorsal  vertebra.  The  next  morning,  seventeen  hours  after  injection,  the  animal 
was  obviously  ill.  It  was  dull  and  subdued  and  took  little  notice  of 
movements  in  its  vicinity.  Before  inoculation  it  was  noted  as  being  wild, 
ferocious,  and  vicious.  In  the  course  of  the  morning  it  developed  weakness 
in  its  arms,  and  showed  a  tendency  to  tumble  forwards.  There  was  at  this 
time  no  rigidity  of  the  limbs.  It  gradually  became  weaker  and  semi-comatose. 
There  was  slight  head  retraction  ;  there  was  general  rigidity  of  the  spine  and 
tail,  but  the  limbs  were  flaccid.  The  coma  deepened  and  the  animal  died 
twenty-five  and  a  half  hours  after  inoculation. 

Ahalract  of  secfio. — The  sjmtal  cord  showed  early  diffuse  leptomeningitis, 
Ijest  marked  in  lower  part  of  cord.  On  opening  dura  a  thin  purulent  fluid 
was  seen  in  subdural  sjiace.  Films  of  this  showed  numerous  meningococci. 
Brain. — Over  vertex  there  was  a  faint  general  turbidity,  due  to  a  thin 
layer  of  yellow  exudate  shining  through  tlie  dura.  On  slitting  the  dura  the 
pia  arachnoid  was  found  unduly  hyperaemic,  and  there  were  a  few  punctiform 
luemorrhages  scattered  over  the  cortex.  There  was  also  exudate  at  the  base 
of  the  brain,  more  advanced  than  over  vertex  ;  films  from  the  exudate  over 
vertex  and  base  also  showed  numerous  meningococci.  The  organisms  were 
recovered  in  culture  from  both  brain  and  cord.  The  other  internal  organs 
showed  acute  toxic  change.  There  were  numerous  haemorrhages  up  to  ^',,th  inch 
in  diameter  below  the  mucous  membrane  in  the  stomach.  There  was  also 
some  early  intestinal  catarrh,  with  iirominence  of  the  lymphoid  tissue  and 
slight  enlargement  of  the  mesenteric  glands;  these  latter  wore  pale  and  firm. 
There  was  a  considerable  quantity'  of  recent  dark  red  blood  clot  in  the 
intestine.  These  acute  secondary  manifestations  in  the  alimentary  canal 
appear  to  be  of  special  importance,  for  without  a  previous  knowledge  of  the 
rase  they  might  have  been  taken  as  primary  lesions  indicating  a  primary 
inte.stinal  infection. 

Ab.it rarf  of  hiafologiral  ohserraiioiis. — Acute  leptomeningitis  much  more 
marked  than  in  the  previous  case,  hut  with  the  same  general  features  in  the 
meninges  and  brain.  In  tlie  cord  there  was  well-marked  exudate  on  the 
surface  and  extending  along  the  nerve  roots ;  there  was  also  marked  peri- 
vascular lymphocytic  infiltration  into  the  substance  of  the  cord  (Plate  XLVII. 
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Fig.  2),  and  a  collection  of  mononuclear  cells  in  the  central  canal  which  was 
badly  doKned  owing  to  an  acute  inllaniniatory  softening.  There  were  other 
areas  of  acute  softening  in  the  cord.  The  exudate  over  the  cerebral  cortex 
was  extremely  like  that  seen  in  man  in  the  acute  cases.  There  was  com- 
paratively little  fibrin,  with  many  large  mononuclear  phagocytic  cells.  A  few 
meningococci,  both  free  and  intracellular  forms,  were  demonstrated  in  the 
sections. 

The  results  iu  Experiments  3  and  4  corresponded  so  completely 
with  Flexner's  observations  that  it  was  not  thought  necessary  to  perform 
any  further  experiments  of  the  same  nature.  In  order  to  demonstrate 
the  effects  of  infection  by  other  paths,  three  other  monkeys  were 
inoculated.      These  will  be   only  briefly  referred  to  at  present. 

Experiment  5. — A  monkey  {CallHIiriu')  was  inoculated  intravenously  with 
1-5  minims  of  cerebro-spinal  fluid  from  an  acute  epidemic  case.  The  animal 
died  on  the  fourth  day  with  symptoms  of  acute  toxiemia.  There  were  no 
meningitic  symptoms. 

Post-mortem. — No  n;eningitis ;  acute  general  toxaemia.  Xo  meningococci 
were  discovered  in  any  of  the  organs,  which  showed  simply  acute  parenchy- 
matous change. 

Experiment  6. — A  small  monkey  {RhefHiji)  was  given  an  injection  of  15 
minims  of  an  emulsion  of  a  twenty-four  hours'  growth  of  a  meningococcus  from  an 
acute  case.  The  animal  Avas  etherised,  and  the  injection  made  into  the  sheath 
of  the  sciatic  nerve.  Though  injected  slowly,  much  of  the  fluid  escaped  into 
the  surrounding  tissues.  The  object  of  the  experiment  was  to  determine  the 
possibility  of  the  infection  of  the  cord  by  way  of  perineural  lymphatics.  A 
culture  was  used,  as  no  fresh  fluid  was  available  at  the  time.  I  have  reason  to 
believe  that  the  organism  used  was  one  of  low  virulence.  The  animal  showed 
no  symptoms  of  any  disease  for  between  three  and  four  weeks,  but  died 
rather  unexpectedly  just  over  four  weeks  from  the  time  of  injection. 

Post-mortem. — There  was  no  apparent  cause  for  death.  Cultures  from  the 
surface  of  brain  and  cord  and  from  the  region  of  the  inoculation  into  the 
sciatic  remained  sterile.  There  was  no  appearance  of  meningitis  either  to  the 
naked  eye  or  on  microscopical  examination.  No  meningoccoci  or  other 
organisms  were  found  m  the  tissues.  Locally  at  the  point  of  inoculation  there 
was  chronic  inflammatory  change  in  the  sciatic  itself  and  in  its  sheath. 

Experiment  7. — In  another  paper  already  referred  to  I  have  indicated 
certain  points  in  favour  of  the  view  that  we  sometimes  have  a  primary  intestinal 
infection  with  the  meningococcus.  The  following  experiment  was  designed 
to  throw  light  on  this  point : — 

A  monkey  {Callithrix)  was  etherised,  and  abdominal  section  performed. 
Twenty-five  minims  of  cerebro-spinal  fluid  from  an  acute  meningococcal  case 
were  then  injected  into  the  jejunum  through  a  fine  hypodermic  needle,  and 
the  abdominal  wound  was  then  closed. 

The  animal  recovered  perfectly  from  the  operation,  but  showed  symptoms  of 
general  toxiwmia.  There  were  no  indications  of  meningitis;  there  was  slight 
diarrhoea.  The  monkey  refused  food,  gradually  became  weaker,  and  died  on 
the  fourth  day. 

Ahitrart  of  sect io. — There  was  no  peritonitis;  there  was  general  acute 
toxferaia,  but  no  meningitis  (cerebral  or  spinal).  There  was  slight  recent 
enlargement  of  the  mesenteric  glands  near  the  jejunum.  Cultures  from  the 
brain,  heart-blood,  and  mesenteric  glands  unfortunately  became  conUuninated 
from  blood  serum  added  to  the  agar  just  before  use. 

Abstract  of  histolorjical  apjiearance. — The  mesenteric  glands  were  acutely 
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hyperiBmio,  and  showed  marked  endothelial  proliferation  with  necrotic  change  ; 
Gram-negative  diplococci,  apparently  meningococci,  were  present  ;  many  were 
degenerated  and,  staining  badly,  were  difficult  to  define.  The  subcapsular 
lymph  space  was  injected  with  lymphocytes  closely  aggregated  and  apparently 
distorted  from  pressure.  The  wall  of  the  small  intestine  near  the  site  of 
inoculation  showed  lymphocytic  infiltration  in  the  submucous  coat.  Much 
cell  debris  was  present,  and  it  was  difficult  to  say  definitely  that  meningococci 
were  present  here.  There  was  no  evidence  of  meningitis  in  sections  of  the 
brain  and  cord  ;  the  other  organs  showed  acute  toxic  change. 

Though  uo  meniugitis  was  produced  in  this  experiment,  the  fact 
that  the  meuingococcus  can  produce  a  fatal  intestinal  toxjemia  and 
invade  the  neighbouring  lymph  glands  appears  of  importance,  in  view 
of  the  possible  primary  intestinal  route  of  infection  in  the  natm-ally 
acquired  disease. 

Although  nothing  very  definite  can  be  concluded  from  the  results 
of  the  last  three  experiments,  they  indicate  further  possible  lines  of 
research  in  the  direction  of  determining  the  paths  of  invasion  of  the 
body  in  ordinary  meningococcal  infections.  It  must  be  confessed 
that  the  routes  of  infection  are  by  uo  means  satisfactorily  established 
so  far. 

The  earlier  experiments  were  kindly  performed  for  me  by  Dr. 
J.  M.  Beattie  in  the  Pathological  Department  of  the  Universitj-  of 
Edinburgh.  The  later  work  was  carried  out  in  the  Laboratory  of  the 
Eoyal  College    of    Physicians,  Edinburgh,  and  I  have  to  express  my 

sincere  indebtedness  for  the  facilities  there  afforded  me. 
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DESCRIPTION  OF  PLATE.S  XLVII.  AND  XLVIII. 

Plate  XLVII. 

Fio.  1. — Film  from  peritoneum  of  mouse  infected  with  the  second  strain  of  meningococci, 
giving  a  Gram-variable  reaction  (p.  445).  Stained  by  Leishman's  method. 
( X  1300  diameters. )  Showing  appearances  seen  in  a  mild  meniiigococca] 
infection.     There  is  active  endothelial  proliferation  with  marked  phagocytosis. 

Fk!.  2.— Transverse  section  of  spinal  cord  of  monkey  (Experiment  4,  p.  452).  Leishman's 
stain.  (X  105  diameters.)  Showing  acute  pacchy-  and  lepto-meningitis, 
with  marked  lymphocytic  infiltration  round  the  posterior  nerve  roots,  and 
extending  along  the  vessels  into  the  substance  of  the  cord. 

Fig.  3. — Film  from  peritoneum  of  mouse  infected  with  a  virulent  strain  of  meningococci. 
Gram's  stain  ;  counter-stain,  saffranin.  (X  1000  ilianioters.)  This  organism 
was  from  the  third  strain  showing  the  Gram-variable  reaction  (p.  445).  The 
organisms  here  were  unilorndy  Gram-negative. 

Fig.  4. — Film  from  a  24-hours'  caltuie  of  the  same  strain  seen  in  Fig.  3.  This  was  the 
appearance  of  the  culture  that  was  actually  used  for  inoculation  of  the  mouse 
referred  to  in  description  of  Fig.  3.  Gram's  stain  ;  counter-stain,  saft'ranin. 
(  X  1500  diameters. )  Most  of  the  organisms  here  are  Gram-|iositive  ;  some  are 
Gram-negative  ;  diplococci  are  seen  with  one  element  Gram-positive  ;  the 
other  Gram-negative.     (Note  the  higher  magnification  than  in  Fig.  3.) 

The  illustrations  were,  drawn  to  scale  by  Mr.   G.    Uuchanau,  Department  of  Pathology, 
Edinbtngli  University. 

Plat-    XLVIII. 

Fig.  5. — Film  from  a  24-liuurs'  set um-agar  culture  of  a  typical  meningococcus,  (x  1000 
diameters.) 

Fig.  fi. — Film  from  the  cerebro-spiiial  Huid  in  the  second  U']itothrix  case  described  on 
p.  447.  Showing  bacillary  and  di|'lo-bacillary  forms.  Stained  by  Leishman's 
method.     (X  1000  diameters. ) 

Fig.  7. — Film  from  a  4-days'  culture  on  blooil  agar,  from  the  cerebro-spinal  fluid  in  the 
second  leptothrix  case.  Showing  the  development  of  long  non-branching 
filamentous  forms.     Stained  with  dilute  carbol-fuchsin.     (X  1000  diameters.) 

Fig.  8. — Film  from  a  24-hours'  subculture  on  serum  agar  of  the  diplococcus  isolated  from 
the  cerebro-spinal  fluid  in  the  second  leptothrix  case.  ( X  1000  diameters.') 
This  organism  shows  tetrads,  short  cliains,  and  a  tendency  to  a  staphylococcal 
arrangement  of  the  elements,  which  were  all  strongly  Gram-positive.  Its 
nature  is  uncertain.  It  resemliles  Diiilococtus  crasstis,  but  is  smaller  (compare 
with  Fig.  5). 

Fm.  9. — Film  from  the  peritoneum  of  a  mouse  injected  (intra- peritoneal)  with  5  minims  of 
cerebro-spinal  fluid  from  an  acute  meningococcal  meningitis.  Sbowing  the 
result  of  a  virulent  meningococcal  infection.  There  is  little  cellular  reaction  ; 
many  red  blood  cells  are  ])resent,  and  numerous  meningococci  with  swollen 
involution  forms.     Stained  by  Leishman's  method.     (X  1100  diameters. ) 

The  photo-micrographs  are  by  Mr.   William  Watson,   Laboratory  of  the  Royal  College 
of  Physicians,  Edinburgh. 
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In  recent  years  there  i.s  jircilialily  iici  imirlml  jirncess  which  lias  been 
the  subject  of  no  widespread  investigation  and  speculation  as  cancer. 
It  will  lie  conceded  l)y  most  that  little  further  advance  in  our 
knowledge  is  to  be  hoped  for  by  clinical  or  histological  investigation 
alone.  Tlie  dilliculty  which  has  been  met  with  by  those  who  have 
been  engaged  in  the  experimental  investigation  of  this  disease  has 
been  that,  so  far,  in  most  cases  whore  portions  of  tumour  growth 
have  been   inoculated    into  animals   of  the  same  or  diflerent  species, 

'  Absliwt  of  a   tliefis  lor  the  dc};rco  of  M.D.  of  the  University  of  Edinburgh,  and 
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the  result  has  been  negative  and  further  research  has  been  arrested. 
The  investigation,  therefore,  of  infective  sarcoma,  which  is  a  disease 
possessing,  both  clinically  and  pathologically,  so  many  points  of  re- 
semblance to  sarcoma  as  it  occurs  in  man,  and  in  which  inoculation 
experiments  readily  succeed,  appeared  to  me  to  ofler  fair  prospects 
of  results  of  value. 

I.  The  Ch.\racteeistics  of  the  Disease  folloaving  Natural 
Infection.  ^ 

Clinical  Features. 

The  disease  known  as  infective  sarcoma  is  one  which  occurs  in 
dogs.  It  is  not  uncommon,  and  appears  to  have  a  world-wide  dis- 
tribution. In  this  country,  on  the  continent  of  Europe,  and  in  the 
United  States  of  America  it  is  frequently  met  with.  C.  G.  Seligmann 
(1906)  has  found  it  in  the  native  dogs  from  the  coast  villages  of  the 
central  division  of  British  Xew  Guinea,  where,  according  to  the  natives, 
it  was  endemic  before  the  advent  of  the  wliite  man.  It  is  a  contagious 
venereal  disease,  the  transmission  of  which  occurs  during  coitus ;  there- 
after there  develop  on  the  genital  tract  of  the  animal  infected  soft, 
fleshy,  highly  vascular  tumours,  ha\ing,  to  the  naked  eye,  an  appearance 
similar  to  a  rapidly  growing  sarcoma,  and  a  histological  structure 
identical  with  that  of  an  alveolar  sarcoma.  The  remarkable  readiness 
with  which  this  disease  may  be  conveyed  by  contagion  has  long  been 
known  to  dog  fanciers,  and  the  investigations  of  Smith  and  AVashbourn 
(1898)  have  demonstrated  this  point  very  clearly. 

The  material  used  in  this  investigation  was  originall}-  obtained 
from  two  sources.  One  was  a  bull  bitch,  the  property  of  Dr.  Beard 
of  Edinburgh  University,  the  other  a  wire-haired  fox-terrier,  which 
was  kindly  presented  to  me  by  Dr.  Bashford,  Director  of  the  Imperial 
Cancer  Eesearch  Laboratory,  London. 

Case  1. — In  the  bull  bitch  the  disease  had  been  contracted  from  an 
unknown  .source,  but  it  was  known  to  have  suffered  from  it  for  more  than 
a  year.  The  animal  was  of  mature  years,  and  when  first  seen  it  was 
obviously  ill.  It  was  languid,  cowed,  and  considerably  emaciated.  The 
vulvar  orifice  jirotruded,  and  definite  lobulated  swellings  were  visible  on 
either  side  projecting  underneath  the  skin  surface  adjacent  to  the  vagina. 
The  vaginal  cavity  was  occupied  by  confluent  tumoui's  of  a  fleshy  con- 
sistence, which  bled  readily  when  touched.  Some  of  these  lay  underneath 
an  ulcerating  surface,  others  were  felt  beneath  the  vaginal  mucosa,  and 
finally  the  nodules  visible  from  without  were  found  to  extend  from  the 
vaginal  to  the  skin  sui'face. 

Case  2. — This  was  a  wirediaired  fox-terrier  dog,  and  had  situated  under- 
neath its  foreskin,  growing  from  the  corona  of  the  penis,  a  cauliflowerdike 
mass  of  new  growth  of  a  soft  fleshj-  consistence.  The  size  of  the  tumour 
ir.ass  was  such  as  to  render  protrusion  of  the  organ  impossible,  except  under 
an  anoesthctic.  The  histological  structure  of  this  tumour  was  similar  to  that 
obtained  from  the  former  case. 
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Morbid  Anatomy. 
The  first  animal  was  killed  a  fortnight  after  the  original  examina- 
tion, and  at  the  post-mortem  examination  the  appearances  found  diuing 
life  were  confirmed.  Confiuent  tumour  masses  occupied  the  vaginal 
cavity.  On  section  these  had  a  light  pink  colour  and  were  of  a 
uniform  fleshy  consistence,  and  some  were  seen  to  be  invading  the 
adjacent  muscle.  The  majority  possessed  a  definite  capsule  and  could 
be  enucleated  with  ease.  The  tumours  were  entirely  confined  to  the 
vaginal  region,  and  no  secondary  foci  could  be  detected  in  the  regional 
lymphatic  glands  or  anywhere  throughout  the  body.  This  state  of 
affairs  corresponds  with  tliat  described  as  characteristic  of  this  disease. 
The  tumours  formed  in  the  course  of  natural  infection  usually  remain 
local,  and  death  in  an  untreated  case  is  brought  about  either  by  septic 
absorption  from  an  ulcerating  surface  or  invasion  of  neighbouring 
organs.  Secondary  foci  of  tumour  growth  occasionally  occur,  and 
were  present  in  one  of  my  cases  where  the  animal  died  after 
successful  inoculation. 

Histological  Struct  urc. 
Throughout  this  investigation  saturated  corrosive  sublimate  solution 
was  found  to  be  the  best  fixative,  and  for  stains  the  following  reagents 
were  used  in  every  case : — 

Hsematoxylin  and  eosin  (H.E.). 

Hsematoxylin  and  picro-fuch-sin  (H.Pf.). 

Hsematoxylin  and  iron  ahmi  (H.Ia.). 

Hsematoxylin,  iron  alum  picro-fuchsin  (Il.Ia.Pf.). 

Eosin  and  methylene  bhie  (E.Mb.). 

Pyronin,  resorcin,  and  methyl  green  (P.K.Ml;.). 

Microscopical  examination  of  portions  of  the  tumour  removed 
during  life  from  Case  1  showed  (Plate  XLIV.  Fig.  5),  in  the  sub- 
cutaneous tissue  beneath  the  vaginal  mucosa,  a  mass  of  new  growth 
possessing  a  delicate  capillary  stroma,  forming  spaces  containing  cells 
which  were  arranged  in  an  irregular  manner.  The  tumour  cells  were 
polyhedral,  and  virtually  uniform  in  size  and  structure.  They 
measured  from  9  to  11  /i  in  diameter.  The  typical  cell  has  a  large 
cell  body  containing  a  large  nucleus  eccentrically  placed,  and  having 
within  it  a  distinct  nucleolus.  Many  tumour  cells  can  be  seen  to  be 
in  various  stages  of  indirect  cell  division.  Tripolar  mitosis  as  described 
by  Bashford  (1905)  can  occasionally  be  seen.  I  have  never  been  able 
to  detect  hcteroty))e  mitosis  in  any  of  the  specimen.s  examined. 

The  tumour  cells  could  be  seen  to  be  invading  the  adjacent 
fibrous  tissue  and  muscle,  and  occasionally  a  portion  of  this  is  seen 
included  in.side  the  tumour.  At  other  parts  the  new  growth  possesses 
a  distinct  fibrous  capsule.  With  E.Mb.  the  tumour  cells  stain  in  a 
characteristic  manner. 
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The  cell  body  stains  a  light  blue  and  is  finely  granular. 

The  nucleus  stains  a  darker  blue  colour,  and  has  an  open 
chromatin  network.  With  I'.E.Mg.  the  finer  structure  of  the 
tumour  cell  is  especially  well  brought  out.  The  cells  are  polygonal 
in  shape,  the  cell  membrane  is  faint  in  outline,  the  contained  cytoplasm 
stains  a  light  salmon  colour  ;  the  nucleus,  which  is  large,  stains  of  a  dark 
slate  blue  colour,  and  contains  darker  granules  of  a  similar  shade,  in 
addition  to  a  single  true  nucleolus  which  stains  a  bright  rose-red  with 
pyronin.  Especially  by  means  of  this  differential  stain  there  can  be 
made  out,  throughout  the  tumour,  other  cells,  some  of  which  are  small 
lymphocytes,  others  are  similar  in  appearance  to  large  lymphocytes, 
and  finally  a  third  variety  is  present  which  is  almost  identical  witii 
the  tumour  cell,  but  can  be  recognised  by  differential  stains  to  be 
similar  to  the  cells  described  by  Maximow  (1902)  as  polyblasts. 

The  three  varieties  of  cells  described  are  seen  throughout  the 
tumour.  They  are  few  in  number,  and  show  all  transition  forms 
from  lymphocytes  to  polyblasts  and  occasionally  to  plasma  cells. 

At  the  border  of  the  tumour  towards  the  vaginal  surface  (Plate  XLIV. 
Fig.  5)  the  tumour  cells  are  seen  invading  the  adjacent  connective  tissue. 
It  would  appear  to  be  the  case  that  the  formation  of  additional  tumour 
cells  was  taking  place  from  the  cells  of  the  tissue  invaded,  but  this 
is  difficult  to  be  certain  of.  Where  the  tumour  is  encapsulated  the 
"  capsule "  can  be  seen  to  consist  of  elongated  spindle-shaped  cells, 
which  are  young  fibroblasts,  and  have  a  staining  reaction  similar  to 
the  tumour  cell.  In  this  region  the  polyblasts  are  abundant.  From 
their  morbid  anatomy  and  liistological  structure  the  tumours  which  occur 
in  connection  with  the  disease  known  as  infective  sarcoma  have 
generally  been  classified  as  sarcomata.  With  that  opinion  I  agree. 
They  possess  a  structure  indistinguishable  from  a  true  al\'eolar 
sarcoma. 

Smith  and  Washbourn  (1898)  considered  the  tumours  to  he  certainly 
sarcomatous  in  structure,  and  that  "tliey  did  not  differ  in  structure,  or 
malignancy  from  tlie  sarcomata  met  witli  in  the  human  subject." 

Wehr  (1889)  was  of  the  opinion  that  the  tumours  were  carcinomatn.  He 
successfully  inoculated  the  tumours  into  dogs,  and  obtained  secondary  deposits 
in  various  internal  organs  in  some  cases. 

Duplay  and  Cazin  (1894)  tliought  the  structure  of  the  tumour  resembled 
inflammatory  rather  than  carcinomatous  tissue.  They  also  transmitted  the 
disease  to  other  dogs  by  subcutaneous  inoculation. 

Geissler  (1895)  described  the  results  of  his  study  of  this  disease  to  tlie 
German  Surgical  Congress,  and  gave  as  his  opinion  that  the  growths  were 
carcinomata.     In  the  discussion  which  followed — 

Hansemann  stated  that  he  had  found  such  tumours  sliowed  a  nii.Kture  nf 
granulation  and  sarcomatousdike  tissue. 

Israel  agreed  that  the  preparations  exhibited  were  not  carcinomatous. 

Powell  White  (1902)  studied  the  disease  in  two  animals.  In  his  opinion 
it  was  a  lymphosarcoma. 

Sticker  (1904)  considered  it  to  he  a  lymphosarcoma. 

Bashford,  ^Murray   and   Cramer   (1905),  who   especially   investigated    the 
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histogenesis  of  the  tumour  formed  after  subcutaneous  inoculation,  were  of  the 
opinion  that  the  tumour  resembled  new  growths  in  its  histological  features. 
The  transformation  of  connective-tissue  cells  into  tumour  cells  at  the  extending 
border  of  the  nodule,  which  they  figure  as  occurring,  militated  in  their 
opinion,  however,  against  the  view  that  the  growth  was  a  true  sarcoma.  On 
this  ground,  and  on  others  to  be  referred  to  later,  thej-  would  prefer  to 
describe  tlie  disease  as  an  infective  granuloma. 

M'Fadyean  (190.5)  says  these  tumours  are  not  true  sarcomata,  and  have  a 
histology  closely  resembling  granulation  tissue. 

Beebe  and  Ewing  (1906)  express  the  opinion  that  the  general  histological 
characters  of  the  disease  suggest  to  them  the  diagnosis  of  alveolar  sarcoma  or 
endothelioma. 


II.  The  rr.oi'AGATiox  of  the  Dise.\se  by  Txoculatiox. 
1.  Iiiondalion  into  Animals  of  the  same  Species. 

lu  order  to  determine  the  facility  with  which  the  tumours  could 
be  reproduced  in  other  animals  of  the  same  species,  portions  of  the 
original  "  natural "  tumour  were  inoculated  into  the  subcutaneous  tissue 
of  dogs.  The  procedure  adopted  was  briefly  as  follows :  Minute 
portions  of  the  tumour  were  implanted  through  skin  incisions  into 
pockets  underneath  the  jmnniculus  eecrnosus  of  the  new  host,  the 
operations  of  excision  and  implantation  being  carried  out  with  the 
most  rigid  aseptic  precautious.  Serial  inoculations  were  carried  out 
with  both  "  natural "  tumours.  From  Case  1  the  tumour  was  carried 
to  the  eighth  generation,  when,  owing  to  a  vacation  occurring,  it  was 
allowed  to  die  out.  From  Case  2  the  tumour  was  successfully 
propagated  to  tlie  ninth  generation,  and  is  still  growing.  The  structure 
of  the  tumour  remained  constant  throughout  all  generations.  The 
tumours  which  formed  subsequent  to  inoculation  after  reaching  a 
period  of  maximum  growth  underwent  gradual  resorption  and  dis- 
appeared spontaneously,  or,  with  one  exception,  appeared  to  be  doing 
so,  when  the  animal  was  killed.  In  tliis  case  (Experiment  2,  first 
series,  second  generation)  the  growth  gradually  increased  in  size, 
and,  when  the  animal  died,  secondary  foci  were  found  in  various 
internal  organs.  In  every  dog  inoculated  for  the  first  time  tumours 
developed,  excejit  in  the  case  of  two  puppies  inoculated  with  portions 
of  a  nodule  tlie  size  of  a  pea,  which  was  all  tliat  remained  of  a 
large  and  rajiidly  disajipearing  mass  of  new  growth.  The  age  of 
tlie  animal  made  no  dill'erence  to  tlie  facility  of  successful  inoculation. 
Siu'cessfiil  results  were  obtained  with  young  growing  tumours,  those 
which  ii^id  irailicil  maturity,  and  one  which  had  undergone  almost 
(ipmjilelc  rcsi]r]iliiiii.  Tliere  was  no  attenuation  of  the  virulence  from 
generation  to  generation.  The  larger  tlio  piece  introduced  the  larger 
was  the  tumour  wliich  develojied.  The  cU'ect  of  the  growth  u]ion  the 
animal's  general  healtii  was  in  most  cases  sliglit, — after  an  initial  loss, 
tlic    animal    regaining    its    weight    again,    a    pcrniiinent    slight    loss 
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remaining.     The  life  cycle   of   the  tumours  formed  after  inoculation 
can  best  be  illustrated  by  the  following  examples : — 

Serial  Inoculation. 

Experiment  1. — A  young  wire-haired  fox-terrier  bitch  (weight,  4629  grms.). 
Six  minute  portions  of  the  tumour  were  implanted  into  tlie  subcutaneous 
tissue  of  the  abdomen  and  flanlc.  The  wounds  all  healed  by  first  intention. 
On  the  day  following  the  inoculation  the  portions  of  tumour  introduced  were 
easily  palpable  underneath  the  skin.  On  the  third  day  the  nodules  were 
still  palpable,  but  felt  smaller.  At  the  end  of  a  week  they  could  only  be 
felt  with  difficulty,  and  seemed  to  be  disappearing.  At  the  end  of  a  fortnight 
the  nodules  could  no  longer  be  felt,  so  ihat  it  appeared  as  if  the  result  was  to 
be  negative.  During  the  third  week,  however,  minute  nodules  could  be  felt 
at  the  site  of  inoculation.  From  now  onwards  these  gradually  increased  in 
size,  so  that  at  the  end  of  thirty-eight  days  four  confluent  masses  could  be  felt, 
each  of  wliich  was  the  size  approximately  of  a  hen's  egg.  These  were  painless 
to  the  touch,  firm  in  consistence,  and  the  .skin  was  freely  movable  over  them. 
The  tumours  reached  their  maximum  limit  of  growth  two  months  from  the 
date  of  inoculation.  From  this  date  they  commenced  gradually  to  disappear,  at 
first  slowly,  later  more  rapidly,  until,  on  the  eighty-first  day  they  had  all 
entirely  disappeared,  except  one  which  was  reduced  to  the  size  of  a  split  pea. 
This  nodule,  which  was  adherent  to  the  skin  and  had  an  ulcerating  surface, 
was  excised.  The  weight  of  the  animal  remained  remarkably  constant  through- 
nut.  There  was  a  very  slight  loss  of  weight  for  the  first  five  days  ;  this  was, 
however,  soon  made  up,  and  when  the  tiunours  had  disappeared  the  animal 
was  found  to  have  lost  only  128  grms.  in  weight. 

Experiment  2. — A  smooth-haired  fox-terrier  dog  (weight,  .5210  grms.). 
It  was  inoculated  in  a  similar  manner  with  six  pieces  of  tissue.  In  this 
an'imal  the  disease  ran  a  somewhat  different  course.  The  nodules  disappeared 
to  reapj)ear  on  the  tenth  day,  and  on  the  thirty-eighth  day  had  reached  the 
size  of  bantams'  eggs.  On  the  forty-third  the  animal,  which  had  been 
steadily  loosing  weight,  became  seriously  ill,  and  as  it  was  at  the  point  of 
death  on  the  forty-seventh  day  it  was  killed.  At  the  post-mortem  examina- 
tion the  tumours  were  found  to  form  six  separate  masses  the  size  of  hens' 
eggs.  They  could  be  shelled  out  readily  from  the  surrounding  tissue.  On 
section  they  had  a  uniform  hepatic-like  consistence,  and  showed  no  evidence 
of  necrosis.  The  regional  lymphatic  glands  were  only  slightly  enlarged.  The 
liver  was  enlarged,  and  had  scattered  over  its  surface  several  dark  mottled 
areas.  The  suprarenals  were  enlarged,  especially  the  left,  wdiich  on  section 
showed  at  its  u])per  pole  an  opaque  grey  area.  In  the  middle  of  the  small 
intestine  a  small  "  plaque  "  was  found.  This  was  the  size  of  a  florin  firmly 
adherent  to  the  coats  of  the  bowel,  firm  in  consistence,  and  of  a  light  grey  colour. 

On  microscopical  examination  the  tumours  showed  (Plate  XL1\'.  Fig.  6)  a 
histological  structure  which  was  in  the  main  identical  with  that  found  in  the 
natural  tumour.  Sections  from  the  nodules  in  the  liver  showed  the  portal  tracts 
occupied  by  young  connective-tissue  cells,  identical  with  tumour  cells,  ami 
many  were  undergoing  mitosis.  Young  capillaries  were  interspersed  through- 
out, and  here  and  there  a  leucocyte  was  seen. 

The  portal  vein  was  thrombosed,  and  the  adjacent  liver  cells  were 
destroyed.  The  nodules  in  the  intestine  and  suprarenal  (Plate  XLIV.  Figs.  7 
and  8)  exhibited  a  structure  similar  to  that  of  the  primary  tumours. 

The  examination  showed  that  the  structure  of  the  tumours  formed  at  the 
site  of  inoculation  (Plate  XLIV.  Fig  6)  was  similar  to  that  of  the  portions  of 
the  natural  tumours  introduced.  The  appearances  in  the  portal  tracts  had 
many  points  of  resemblances  to  an  inllammatory  reaction,  such  as  is  found  in 
acute  interstitial  hepatitis. 
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Tlie  localisation  of  the  disease,  the  great  preponderance  of  the  connective- 
tissue  cell,  and  the  very  active  cell  division  in  these,  unaccompanied  by  the 
presence  of  mature  fibroblasts,  was  more  in  favour  of  new  growth.  In  this 
case  the  animal  died  with  all  the  characteristics  of  a  malignant  neoplasm. 

The  appearance  of  the  tumours  excised  at  the  acme  of  their  growth  is 
shown  in  (Plate  XLIV.  Fig.  9)  tumours  of  the  fifth  generation,  second  series, 
seventy-one  days  after  inoculation. 

2.  Inocxlation  info  Foxc.i. 
Two  fox-cubs  were  inoculated  with  portions  of  the  tumour  from 
the  fourth  generation  of  the  first  series.  In  both  cases  tumours 
gradually  developed,  increased  until  they  finally  reached  the  size  of 
pigeons'  eggs,  when  the  animals  died  considerably  emaciated.  At  the 
time  when  this  result  was  obtained  by  me  no  ^^ublished  record  of  a 
similar  success  existed.  Two  months  later,  however.  Sticker  published 
his  second  paper,  in  which  he  described  the  development  of  tumours 
after  inoculation  into  two  foxes. 


III.  Inoculation  into  Animals  naturally  Immune. 

Eabbits,  rats,  and  guinea-pigs  were  inoculated  with  portions  of  the 
tumour  without  success.  In  all  cases  the  portion  introduced  under- 
went gradual  absorption  and  disappeared. 


IV.  Inoculation  into  Dogs  with  acquired  Immunity. 

Six  dogs  in  which  spontaneous  recovery  had  occurred  were 
reinoculated.  In  each  case  the  portion  introduced  di.sappeared  in 
less  than  two  weeks,  and  no  subsequent  tumour  formed.  This 
immimity  was  found  to  be  present  from  one  to  eleven  months  after 
spontaneous  recovery.  Five  of  the  animals  were  inoculated  with  por- 
tions of  the  tumour  from  the  same  strain  as  that  which  they  themselves 
had  possessed.  One  animal  was  reinoculated  with  both  strains,  and 
it  was  found  that  immunity  acquired  to  one  strain  \vas  also  present 
to  the  other  ten  months  after  spontaneous  recovery. 

V.  The  Causal  Virus. 

Cult! vatii ins  wcic  made  from  all  nf  the  tumours  of  the  first  series 
to  endeavour  to  find  the  parasite,  if  such  shouhl  exist.  All  the 
common  and  many  nf  tlie  more  specialised  media  used  in  bacterio- 
logical work  w(?re  tried  without  success.  Xeitlier  an  anaerobic  nor 
aerobic  micro-organism  could  be  isolated,  cxcejit  an  occasional  genu, 
which  was  obviously  a  contaniinalidn. 

Dr.  Ford  Koliertson  kindly  oxaniinctl  fnr  mo  portions  nf  the  tumour 
by  his  special  staining  methods,  without  being  able  to  <letect  inside  the 
cells  tlio  presence  of  those  bodies  wliich  lie,  along  with  myself,  figured 
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as  occurring  in  human  carciuomata,  and  which  possess  a  certain  mor- 
phological resemblance  to  Plasmodiophora  hrassica. 

Portions  of  the  tumour  were  mixed  with  stei-fle  normal  saline 
solution,  pounded  in  a  mortar  with  sterilised  sand,  and  then  filtered 
through  a  Berkefeld  filter.  The  fluid  obtained  was  introduced  into 
the  subcutaneous  tissue  of  a  number  of  dogs.  In  none  of  them  did 
tumours  develop  either  at  the  site  of  inoculation  or  in  any  part  of  the 
l)ody.  One  of  the  animals  (Experiment  4)  died  on  the  seventh  week 
from  acute  interstitial  nejjhritis. 

Films  made  from  the  tumour.s  were  also  examined  for  the  presence 
of  spirocha?ta:;  as  possible  etiological  factors,  but  none  were  found. 

Sticker  (1906)  failed  to  find  any  parasite  extra  or  intraoelhilar.  He  also 
found  that  no  tumours  developed  after  the  introduction  of  the  filtrate. 

San  Felice  (1904)  is  the  only  observer  who  has  found  a  parasite  which  lie 
claims  to  be  the  pathogenic  organism.     This  is  a  blastomyces. 

Plimmer  (1899)  failed  to  find  the  cell  inclusions  which  he  described  in 
human  carcinoma. 

Beebe  and  Ewing  (1906)  found  a  large  spiral  organism  like  the  Spiroclutfa 
refn»'ieii-t  in  one  ulcerating  tumour.  They  do  not  suggest  that  it  was  at  all 
likelj-  to  have  been  the  cause  of  the  tumour  formation. 

VI.  The  Life  Cycle  of  the  Tu.mours  produced  by  Inoculation. 

At  the  very  outset  of  my  investigations  into  the  nature  of  this 
disease  it  became  apparent  that,  in  order  to  determine  the  exact 
relationship  which  it  bore  to  cancel',  as  we  know  it,  it  would  be  neces- 
sary to  study  the  life-history  of  the  tumour  from  its  inception  to  its 
final  disappearance.  At  that  time  no  record  existed  of  the  process  by 
which  the  tumour  originated,  grew,  and  finally  disappeared.  Since 
then  the  results  of  a  certain  amount  of  work  on  this  subject  have 
been  published. 

1.  Histogenesis. 

Bashford  (1905)  is  of  the  opinion  that  "  the  establishment  of  a  new  tumour 
is  accompanied  by  a  transformation  of  the  connective-tissue  cells  at  the  site 
of  inoculation  into  elements  indistinguishable  from  those  of  the  primary 
growth.  The  tumour  cells  introduced  degenerate  very  rapid]}",  a  few  only 
retaining  then-  vitality  for  a  period  of  not  more  than  three  or  four  days." 
He  considers  it  entirely  an  infective  process,  "  which  is  identical  with  that 
which  occurs  after  inoculation  with  isolated  pathogenic  organisms." 

Sticker  (1904).  According  to  this  observer  the  tissues  of  the  host  at  no 
time  and  in  no  place  take  part  in  the  formation  of  the  tumour,  wliich  arises  by 
a  process  of  grafting. 

Beebe  and  Kwing  (1906)  hold  that  the  tumours  develop  from  the  cells 
introduced.  That  some  tissue  cells  may  be  included  in  the  tumour  or 
transformed  into  tumour  cells  they  are  not  prepared  to  deny,  although  there 
was  no  evidence  of  such  a  process  in  their  specimens. 

That  these  diametrically  opposed  views  should  exist  is  not  difficult  to 
understand,  when  one  remembers  that  we  are  here  dealing  with  a  structure 
the  cell  of  which  is  identical  with  those  found  in  tlie  process  of  repair  round 
any  foreign  body. 
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In  order  to  determine  the  exact  mode  of  origin  of  the  tumours  the  scheme 
of  investigation  was  carried  through  as  follows  : — 

The  tissues  of  dogs,  killed  when  in  apparent  health,  were  examined. 
Portions  of  a  growing  infective  sarcoma  were  excised,  inoculated  into  other 
dogs,  and  removed  after  being  six  and  three-quarter  hours,  eighteen  hours, 
twenty-four  hours,  three  days,  eight  days,  ten  days,  fifteen  days,  and  twenty- 
one  days  in  the  tissues  of  the  new  host.  Portions  were  also  removed  when 
the  growth  was  at  its  summit,  during  its  declension,  and  just  prior  to  its 
final  disappearance.  The  reaction  which  occurred  round  inert  foreign  bodies 
was  examined  as  a  control.  Portions  of  a  true  sarcoma  excised  from  the 
leg  of  a  greyhound  were  imjilanted,  and  later  excised  and  examined.  Tlie 
changes  which  occur  in  dogs  with  acquired  immunity  were  also  studied,  and  the 
cytological  explanation  of  immunity  compared  with  those  associated  witli  the 
histogenesis  of  the  tumour.  When  the  changes  which  occur  in  the  earlier  hours 
were  being  studied  it  was  found  necessary  to  destroy  the  animal.  The  skin,  sub- 
cutaneous tissue,  and  deep  fascia  were  then  removed  in  one  layer,  fixed  for  a 
few  hours  in  saturated  corrosive  sublimate  solution,  and  then  sectioned  to  allow 
the  fixative  to  penetrate  (Plate  XLIV.  Fig.  10).  By  such  means  an  excellent 
opportunity  of  examining  the  relationships  of  the  growth  could  be  obtained. 

Certain  fallacies  had  to  be  avoided.  In  the  carrying  through  of  the 
specimen,  owing  to  the  shrinkage  of  the  tissues  which  occurred,  retraction  of 
the  nodule  and  the  tissues  of  the  liost  took  place  at  some  parts.  This  was 
liable  to  leave  fragments  of  the  tissue  of  the  nodule  adherent  to  the  tissue  of 
the  host,  and,  on  the  other  hand,  loose  tags  of  areolar  tissue  were  apt  to  remain 
fixed  to  the  outer  side  of  the  nodule  introduced,  and  might  be  mistaken  for 
portions  of  the  capsule  of  the  tumour  introduced  at  the  time  of  inoculation. 
In  order  to  make  this  point  clear,  in  everj'  case  where  such  a  fallacy  was 
liable  to  occur,  the  nodule  was  sectioned  completely,  and  serial  sections  of  its 
entire  bulk  examined.  This  point,  as  will  be  seen  later,  is  of  special 
importance,  for  in  the  majority  of  cases,  in  the  area  from  which  the  tumour 
grows,  a  process  of  immediate  union  between  the  tissues  of  the  host  and 
those  of  the  nodule  is  present,  with  no  fibrinous  zone  to  demark  a  boundary. 
Control  inoculations  were,  of  course,  made  in  every  case  into  other  dogs. 
Tumours  developed  in  every  one  of  these. 

From  six  hours  up  to  fifteen  days  certain  well-uiarkcil  changes 
could  always  be  seen  at  the  site  of  implantation. 

1.  The  centre  of  the  nodule  showed  in  every  case  evidence  of 
cell  degenei'ation,  and  ultimately  necrosis. 

2.  Farther  out,  close  to  tlie  periphery  of  the  nodule,  there  was 
present  a  zone  where  leucocytes — at  first  mainly  of  tlie  ])olyinorpho- 
nuclear  variety — abounded. 

3.  Beyond  that,  but  still  in  tlie  substance  of  the  nodule,  there 
was  a  zone  where,  after  twenty-four  hours,  large  mononuclear 
phagocytes  could  be  seen  removing  the  necrotic  tumour  tissue. 

4.  Beyond  this  there  was  present  in  every  case  a  zone  which 
was  directly  continuous  with  the  boundary  zone,  and  usually  continued 
into  the  tissue  of  the  host,  wliere  healtliv  tunnuu'  cells  could  be 
«letected — "  the  tumour  formation  area." 

5.  External  to  this  the  tissue  of  the  host  showed  active  reaction. 

6.  In  addition,  at  some  parts  tlie  tissues  of  the  host  and  the 
nodule  introduced  could  be  seen  to  be  sejiarated  by  a  layer  containing 
tilirin  and  cells  of  the  intlainmatory  exudate. 
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The  examination  of  the  nodules  removed,  after  having  Ijeen  in  the 
tissues  of  the  new  host  for  from  six  hours  to  fifteen  days,  shows 
clearly  how  difficult  it  is  to  determine  the  exact  process  by  which  the 
new  tumour  arises.  This  is  found  to  be  due  to  the  fact  that  "  the 
tumour  formation  area "  is  situated  in  every  case  where  the  tumour 
cells  of  the  portion  introduced  are  directly  in  contact  with  the  tissue 
of  the  host,  where  in  fact  a  zone  of  immediate  union  exists.  When 
a  portion  of  fibrous  tissue  forms  the  periphery  of  the  fragment 
inoculated,  and  a  process  of  immediate  union  has  occurred,  no  such 
zone  of  tumour  formation  develops.  Where  hiumorrhage  or  abundant 
exudate  separates  the  tumour  cells  of  the  nodule  from  the  tissue  of 
the  host,  in  a  similar  manner  no  definite  zone  of  tumour  growtli 
exists.  As  early  as  eighteen  hours  after  inoculation  •  the  tumour 
formation  area  is  definitely  created  (Plate  XLII.  Figs.  1  and  2).  On 
one  side  it  gradually  merges  into  what  is  obviously  necrotic  tissue 
belonging  to  the  portion  introduced,  and  on  the  other  side  it  extends 
into  the  tissue  of  the  liost  with  no  lioundary  zone  to  demark  the  line 
of  junction. 

The  reaction  which  the  presence  of  the  nodule  of  new  growtli 
excites  in  the  tissue  of  the  new  host  follows  the  lines,  as  one  would 
naturally  expect,  of  the  cardinal  changes  associated  with  the  jirocess 
of  repair  or  inflammation. 

Changes  in  the  tissues  of  the  host.- — At  six  hours  the  vessels  of  the 
surrounding  tissue  are  seen  to  be  much  engorged,  and  through  their 
walls  leucocytes  are  seen  to  be  emigrating.  These  cells  are  also 
abundant  in  the  extravascular  tissues,  and  correspond  closely  in  their 
variety  and  proportion  to  the  result  obtained  by  Beattie  (1902)  in  his 
study  of  the  inflammatory  exudate  present  after  the  intraperitoneal 
injection  of  Bacillus  coli  communis.  Polymor])honuclear  leucocytes 
are  most  abundant,  mononucleated  cells  —  lymphocytes  and  mono- 
nucleated  leucocytes — are  also  seen,  in  addition  to  an  occasional 
eosinophile  leucocyte.  The  situation  in  which  these  cells  are  found  is 
of  interest.  In  the  adjacent  tissue  of  the  host  and  in  the  layer  of 
fibrinous  exudate  the  customary  relative  proportion  is  maintained. 
Deep  in  the  area  spoken  of  as  the  zone  of  leucocyte  invasion  the 
polymorphonuclear  leucocyte  alone  is  present.  The  mononucleated 
cells  are  also  seen  to  liave  emigrated  into  the  nodule  l)y  six  hours ; 
but  they  have  not  penetrated  so  deeply,  being  confined  to  the 
periphery  of  the  necrotic  tissue.  This  state  of  afi'airs  is  very  similar 
to  that  obtained  by  Maximow,  who  found,  in  the  centre  of  the 
capsules  he  introduced  into  animals,  that  the  polymorphonuclear 
leucocyte  was  alone  present  at  first.  The  presence  of  the  polymorpho- 
nuclear leucocyte  is  associated  with  a  concomitant  cell  degeneration  in 
the  zone  of  leucocyte  invasion  of  the  necrotic  tumour  tissue. 

The  cells  of  the  inflammatory  exiulate  are  virtually  absent  from 
the  tumour  formation  area,  and   this  would  appear  to  be  due   to  a 
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negative  chemiotactic  influence  on  the  part  of  the  living  tumour  cell, 
as  through  tliis  area  they  have  to  pass  to  reach  the  necrotic  tissue 
heueath,  in  which  thej*  are  abundant. 

In  the  later  experiments  the  relative  proportion  of  the  various 
cells  seen  in  the  necrotic  tissue  at  various  periods  corresponds  very 
closely  with  that  proven  by  Beattie  to  be  the  case  in  non-fatal  cases 
of  peritonitis.  The  polymorphonuclear  leucocyte  is  most  abundant 
up  to  three  days.  It  then  gradually  diminishes,  and  is  virtually 
entirely  absent  by  the  eighth  day.  The  large  mononucleated  cell  of 
Ehrlich  is  especially  seen  from  twenty-four  hours  to  the  third  day. 
The  mononucleated  cell  of  the  lymphocyte  type,  and  its  further 
derivative  the  polyblast  are  seen  at  six  hours,  are  abundant  at  twenty- 
four  hours,  and  are  the  most  important  cells  present  during  the 
histogenesis,  growth,  and  disappearance  of  the  tumour.  The  source  of 
the  polyblast  would  appear  at  first  to  be  imdoubtedly  almost  entirely 
from  lymphocytes  emigrated  from  the  blood  stream,  as  Marschalko, 
Maximow,  and  others  maintain.  At  a  later  period,  during  the  growth 
of  the  tumour  and  its  disappearance,  there  will  be  seen  to  be  e^ddence 
of  the  arrival  of  these  cells  by  the  lymphatics. 

Rmcixon  on  the,  imrt  of  the  fixed  tissue  cells. — Neither  the  operation 
of  introduction  nor  the  presence  of  the  foreign  body  caused  death 
of  the  surrounding  cells  to  any  appreciable  extent.  At  six  hours 
the  adjacent  connective-tissue  cells  are  swollen  up,  and  have  an 
appearance  similar  to  that  seen  prior  to  cell  division.  The 
endothelial  cells  show  a  similar  change.  It  is  probable  that 
already  young  fibroblasts  have  been  formed  by  direct  (and  in  one 
case  observed,  by  indirect)  division ;  but  this  is  not  capable  of 
aljsolute  proof.  The  changes  which  occur  round  inert  foreign  bodies 
correspond  closely  to  those  described.  If  tlie  formation  of  fibroblasts 
has  occurred  at  six  hours,  this  is  earlier  tliau  is  found  in  such  cases. 
Kiener  and  Duclert  (1893),  however,  describe  a  similar  early  fibroblast 
formation. 

At  eighteen  hours  the  formation  of  fibroblasts  and  transition  forms 
from  these  to  tumour  cells  can  be  seen,  and  young  endotlielial  cells  are 
already  present  in  the  outer  part  of  the  tumour  formation  area 
(Plate  XLII.  Fig.  2).  At  three  days  the  formation  of  young  fibroblasts 
and  the  development  of  tumour  cells  from  them  is  proceeding 
most  actively  in  the  tissues  of  the  host,  mitotic  figures  in  many  of 
them  being  visible.  Young  capillaries  can  also  be  seen  at  this 
period  growing  from  the  tissue  of  the  host  into  the  tumour- 
foiTuation  area. 

At  eight  days  the  adjacent  areolar  tissue  of  tlie  host  i.s  found  to 
be  invaded  by  tumour  cells,  the  connective-tissue  cells  are  increased  in 
numljer,  and  show  transition  forms  to  tumour  cells.  Mitosis  in  the 
former  has  been  seen,  but  is  nut  now  coiiiinnnlv  found  (Plate 
XLIV.  Fig.  II). 
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Changes  in  the  nodule  introduced.- — In  every  case  the  centre  of  the 
uudule  showed  early  and  extensive  degeneration.  This  affects  all  the 
component  parts  of  the  tissue  introduced,  but  is  most  evident  in  the 
tumour  cells.  At  six  and  three-quarter  hours  the  tumour  cells  at  the 
periphery  of  the  nodule  appear  healthy  vrhere  they  are  in  contact 
with  the  tissue  of  the  host.  The  crucial  period  in  the  cytological 
evolution  of  the  new  tumour  is  undoubtedly  the  first  few  hours  after 
inoculation.  At  eighteen  hours  the  peripheral  zone  of  healthy  tumour 
cells  is  very  distinct  where  immediate  union  has  occurred  (Plate  XLII. 
Figs.  1,2).  Healthy  tumour  cells  which  are  undoubtedly  derived  from 
the  tissue  introduced  are  visible,  and  many  of  them  are  undergoing 
mitosis.  Where  a  thick  layer  of  fibrin  is  present  an  occasional 
tumour  cell  of  the  portion  introduced  is  seen  undergoing  division ; 
Ijut  these  are  very  scanty  in  number  as  compared  with  the  area  of 
intimate  union.  Already  the  cells  from  two  sources  have  merged. 
At  no  period  can  complete  death  of  the  tumour  cells  of  the  nodule 
introduced  be  made  out  associated  with  the  creation  of  a  tumour 
formation  area  definitely  within  the  tissues  of  the  host.  At  three 
days  the  tumour  cells  in  the  tumour  formation  area  are  very  abund- 
ant, and  many  of  them  are  undergoing  mitosis.  At  eight  days  they 
are  very  al:)undant,  and  tripolar  mitosis  has  been  seen.  The  area  has 
now  acquired  the  structure  characteristic  of  the  natural  tumour,  and 
is  invading  the  adjacent  areolar  tissue.  At  fifteen  days  it  is  Hooding  the 
tissues  of  the  host,  extending  along  the  perivascular  lymphatics,  and 
cutting  off  islands  of  dense  filjrous  tissue,  which  by  this  means  become 
included  inside  the  developing  tumour  (Plate  XLV.  Fig.  12). 

Conclusions  regarding  the  histogenesis  of  the  tumour. — The  tumour 
formation  area  is  present  only  where  tumour  cells  of  the  nodule 
introduced  are  directly  in  contact  with  the  tissues  of  the  host  from 
the  first.  Here  tumours  form.  At  other  parts  gi'anulation  tissue 
develops  between  the  two  surfaces.  At  eighteen  hours,  twenty-four 
hours,  and  three  days  there  are  seen  cells  which  are  identical  in 
appearance,  but  are  obviously  derived  from  two  sources — tumour  cells 
of  the  nodule  introduced,  and  similar  cells  from  the  tissue  of  the 
host.     Active  mitosis  is  noticed  to  be  occurring  in  both  varieties. 

The  tumour  is  thus  seen  to  be  formed  by  certain  of  the  peiipheral 
cells  of  the  tissue  introduced,  living  and  actively  di\-iding,  and  at  the 
same  time  altering  the  process  of  repair  in  the  surrounding  connective- 
tissue  cells ;  so  that  instead  of  going  on  to  form  mature  filiroblasts, 
they  remain  immature  and  continue  to  divide  actively,  having  acquired 
the  characters  of  a  sarcoma  cell,  as  which  they  live  and  ultimately 
die  witliout  ever  again  developing  into  mature  fibroblasts  or  forming 
fibrous  tissue.  Tiie  virus  is  one  which  is  conveyed  only  by  direct 
contagion.  How  far  each  source  of  the  tumour  cells  is  responsible 
for  the  tumour  ultimately  formed  is  impossible  to  determine.  The 
capillary  stroma  of  the  tumour  is  created  from  the  tissue  of  the  host. 

26. 11..    OF  PATH.— vol.    XII. 
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I  thus  cannot  agree  entirely  with  Bashfoid,  whose  opinion  I  at 
one  time  was  incUned  to  homologate.  I  fail  to  see  how  he  is  able  to 
state  that  the  tumour  cells  introduced  degenerate  very  rapidly,  a  few 
only  retaining  their  vitality  for  a  period  of  not  more  than  three  or 
four  days.  I  also  cannot  agree  with  .Sticker  when  he  claims  for  the 
tumour  an  origin  entirely  from  the  nodule  introduced,  and  states  that 
the  tissues  of  the  host  in  no  way  take  part  in  the  creation  of  new 
tumours.  1  agree  with  Beebe  and  Ewing  when  they  state  that  the 
tumour  is  formed  from  the  cells  of  the  nodule  introduced ;  but 
instead  of  only  considering  it  possible  that  the  gi'owth  may  be  added 
to  by  new  cells  from  the  tissues  of  the  host,  I  would  claim  that  the 
stroma  is  formed  from  this  source,  and  that,  to  a  very  considerable 
extent,  this  also  serves  to  act  as  a  soui'ce  of  new  tumour  cells. 


2.    Gronih,  Rcsorjitioi),  Disappearance. 

The  only  published  records  wliieh  exist  of  the  latfr  sta;jes  of  the 
life  cycle  of  the  titmour  are — 

1.  The  brief  note  by  Smith  and  Washbouru  (1898),  who  say 
that  "  the  tumours  formed  disappear  by  ulceration." 

2.  The  opinion  expressed  by  Sticker  (1906),  who,  after  describing 
the  hemorrhages  frequently  met  with  in  the  disappearing  tumours, 
attributes  to  them  the  disappearance  of  the  growth. 

The  process  by  which  growth,  resorption,  and  disappearance  of 
the  tumour  took  place  was  investigated  by  examining  nodules  removed 
from  dogs  when  the  tumour  was  increasing  in  size,  when  it  had 
reached  its  apparent  maximum,  during  its  declension,  and  just  prior 
to  its  final  disappeai-ance.  In  addition  to  comparing  the  changes 
which  occm-red  in  different  animals,  tlie  process  was  observed  in  one 
case  from  time  to  time  from  the  third  day  to  Just  ]n-ior  to  the  final 
disappearance  of  the  growth  on  the  one  hundredth  :ind  eighteentli 
day. 

Crrowth. — At  fifteen  days  the  tumours  were  definitely  established. 
Nodules  removed  on  the  twenty-second  day  were  found  to  have 
increased  much  in  size.  Tliey  appeared  to  be  encapsulated,  and  had 
the  uniform  fiesliy  consistence  cliaracteristic  of  the  tumour.  In 
none  of  them  could  evidence  of  the  necrotic  tissue  of  the  jwrtion 
introduced  be  .seen.  On  microscopical  examination  tlie  most  notice- 
able feature  was  the  number  of  tumour  cells  undergoing  division ;  as 
many  as  ten  such  cells  were  visible  in  a  single  field.  TrijRilar  mitosis 
was  not  unconnnon.  In  contact  with  the  capillary  stroma  through- 
out the  tumour  an  occasional  lvmi)h(icvte  was  seen  (Plate  XLV. 
Fig.  l:3). 

Very  occasionally  an  eosinophile  leucocyte  was  seen  amidst  llic 
tumour  cells.  The  jjeripliery  of  tlio  tumour  was  i)enelrated  by 
young    blood     vessels    which     contained     an     increased     number    of 
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lymphocytes.  At  the  outer  border  of  the  tumour  the  flooding  of 
the  surrounding  tissue  by  the  tumour  cells  was  no  longer  apparent. 
An  increased  number  of  fibroblasts,  some  of  which  were  in  mitosis, 
were  here  seen  (Plate  XLV.  Fig.  14).  These,  however,  instead  of 
showing  transition  forms  to  tumour  cells,  were  mostly  drawn  out, 
spindle-shaped  cells,  and  were  arranged  with  their  long  axis  parallel 
to  the  outer  border  of  the  tumour.  In  this  region  the  lymphocytes 
and  polyblasts  were  more  abundant. 

Resorption. — A  nodule  examined  at  seventy -four  days  when 
tumours  which  had  reached  the  size  of  billiard  balls  had  been  station- 
ary for  a  fortnight  was  found  to  possess  the  structure  of  the  natural 
tumour.  Mitosis  was  present,  but  not  so  abundant.  The  periphery 
of  the  tumour  was  made  up  of  a  laminated  border  of  fibrous  tissue. 
In  this  lymphocytes,  polyblasts,  and  an  occasional  degenerating  tumour 
cell  were  seen,  and  a  few  polyblasts  were  visible  settling  down  as 
se.ssile  adventitia  cells.  Throughout  the  tumour  lymphocytes,  poly- 
blasts, and  eosinophile  leucocytes  were  present  in  increased  number, 
the  second  variety  being  especially  evident  where  degenerating  tumour 
cells  were  situated.     Several  haemorrhages  were  seen. 

DisaiJiJcarancc. — The  examination  of  a  nodule  removed  from  an 
animal  in  which  several  had  already  just  disappeared  showed  (Plate 
XLV.  Fig.  15)  a  minute  nodule  of  tissue  surrounded  by  a  thick 
laminated  border  of  dense  fibrous  tissue  in  which  many  polyblasts 
and  degenerating  tumour  cells  were  apparent  (Plate  XLV.  Fig.  16). 
The  centre  of  the  nodule  appeared  bright  red  hi  sections  stained 
with  P.  li.  Mg.  owing  to  the  number  of  polyblasts  (Plate  XLIII.  Fig.  3). 
An  occasional  tumour  cell  can  be  found.  Xone  are  undergoing  cell 
division  ;  all  are  degenerating. 

On  examination  of  the  site  whence  a  nodule  had  been  absorbed 
the  tissue  was  found  to  consist  of  wavy  strands  of  fibrous  tissue, 
between  which  at  certain  parts  a  few  lymphocytes  and  tlieir  derivatives 
could  be  seen. 

The  growth  of  the  tumour  from  the  twenty-second  day  onward 
is  accounted  for  by  division  of  the  tumour  cells  already  formed. 
The  vast  majority  of  the  young  fibroblasts  now  formed  proceed  to 
the  formation  of  fibrous  tissue,  by  which  means  the  encapsulation  of 
the  tumour  is  brought  about. 

At  seventy-four  days  resorption  has  commenced.  The  tumour 
is  definitely  encapsulated.  The  formation  of  additional  tumour  cells 
continues  to  take  place  from  the  surrounding  tissue  until  the 
reaction  of  the  tissues  of  the  host  is  such  that  it  is  able  to  resist 
the  action  of  the  virus. 

The  final  disappearance  of  the  tumour  is  associated  with  a  flooding 
of  the  tumour  tissue  with  lymphocytes,  polyblasts,  and  plasma  cells. 
The  tumour  is  borne  away  on  a  lymphocyte  tide  which,  as  it  recedes, 
may  leave  a  few  of  its  number  as  sessile  adventitia  cells. 
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Examination  of  nodules  disappearing  by  ulceration  shows  tlie 
ulceration  to  be  a  mere  coincidence  dependent  upon  a  previous 
involvement  of  the  skin. 


YII.  The  Life-History  of  the  Xopule  inoculated  into 
Animals  avith  acquired  Immunity. 

We  have  already  seen  how,  in  six  of  the  animals  in  which  spon- 
taneous recovery  had  occurred,  no  tumours  formed  on  subsequent 
inoculation.  This  result  is  in  accordance  with  those  obtained  by 
Smith  and  Washbourn  and  Sticker.  The  former  with  four  such 
dogs  and  the  latter  with  twenty  failed  in  every  case  to  produce  a 
tumour.  Bashford,  however,  says :  "  A  small  proportion  of  growtlis, 
after  having  attained  a  certain  size,  diminish  in  volume  and  ultim- 
ately disappear ;  such  recovery  has  not  been  followed  by  an  immunity 
to  subsequent  inoculation,  and  animals  with  large  tumours  have  been 
successfully  reinoculated."  In  the  light  of  the  results  obtained  liy 
other  investigators  his  statement  concerning  the  absence  of  immunity 
in  his  experience  is  extremely  difficult  of  interpretation. 

In  studying  the  changes  which  occur  after  inoculation  into 
animals  in  whicli  spontaneous  recovery  had  taken  place,  portions  of 
the  tumour  were  inoculated  into  the  subcutaneous  tissue  and  excised 
after  one,  three,  seven,  and  ten  days.  The  only  weak  link  in  the 
chain  of  evidence  was  in  the  three  days'  experiment,  in  which  case 
the  animal  was  killed,  and  consequently  the  di.sappearance  of  tlie 
control  nodules  could  not  be  observed  as  in  all  the  other  cases. 

The  j)rocess  by  which  innnuuity  is  established  is,  from  the 
appearances  observed,  seen  to  be  one  whicli  may  be  aptly  compared 
to  the  complete  life  cycle  of  the  tumour  which  develops  in  an 
animal  which  is  not  immunised ;  instead  of  occupying  four  months, 
it  is  in  this  case  finished  in  less  than  a  fortnight. 

The  nodule  introduced  lives.  The  tumour  cells  may  divide. 
It  is  almost  at  once  flooded  with  cells  of  the  lymphocyte  type  and 
polyblasts  which,  when  abundant,  are  always  associated  with  the 
presence  of  degenerating  and  disintegrating  tumour  cells,  and  the 
surrounding  tissue  of  the  liost  proceeds  at  once  to  the  formation  of 
mature  tiljroblasts,  which  invade  and  encapsulate  the  nodule.  Tliis  is, 
so  far  as  I  can  ascertain,  the  only  record  thnt  exists  of  the  cytological 
changes  which  occur  in  sucli  animals. 

A  compari.son  of  this  process  was  obtained  with  that  wliich  occurs 
when  a  true  malignant  neoplasm  is  inoculated,  and,  as  is  the  rule, 
fails  to  take.  A  rapidly  growing  fibro-sarcoma  from  tlie  limb  of  a 
greyhound  was  inoculated  into  a  fox-terrier.  All  of  the  portions 
inoculated  failed  to  develop  tumours.  On  examination  a  central 
zone  of  necrosis  was  seen,  and  a  zone  of  peripheral  invasion  by  cells 
mainly  of  the  lymphocyte  tyi)e,  and  outside  tliis  a  zone  of  laniinatetl 
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granulation  tissue.  In  this,  fibroblasts,  forming  fibrous  tissue  with 
some  lymphocytes  and  polyblasts,  were  situated.  The  latter  were, 
however,  not  so  abundant  as  in  the  immune  dog  inoculated  with 
infective  sarcoma. 

YIII.  Changes  in  the  Blood  dukikg  the  Growth  of  the  Tumouu 
In  the  Doij. 

It  was  obvious,  when  the  lymphocyte  and  its  derivatives  were 
found  to  play  so  important  a  part  in  the  life  cycle  of  the  tumour, 
that  a  careful  examination  of  the  Ijlood  at  stated  intervals  would 
give  facts  worthy  of  note.     This  was  done. 

The  blood  of  eight  animals  was  examined.  As  an  illustrative 
case  the  following  will  suffice  : — 

ExPERi.MEST  29  (Sixth  generation,  second  series). — A  large  hroicn  hull 
terrier. — The  blood  of  this  animal  was  examined  on  the  day  prior  to 
inoculation,  and  at  regular  intervals  for  one  month.  At  the  end  of  this 
time  the  tumours  had  grown  to  masses  as  large  as  pigeon's  eggs.  The  accom- 
panying chart  shows  how  an  initial  leucocytosis  occurred  which  rapidly 
subsided.  After  this  the  total  leucocyte  count  remained  fairly  constant  at 
the  normal  figure.  The  percentage  count,  however,  showed  marked  alteration. 
A  marked  diminution  of  the  polymorphonuclear  leucocytes  with  a  correspond- 
ing increase  of  the  mononucleated  cells,  and  also  of  the  eosinophile  cells, 
took  place. 

Experiment. — Fo.v  cub,  Xo  2. — This  animal  had  at  the  time  of  the  first 
examination  small  tumours  developed.  The  blood  examination  was  conducted 
for  fort3'-seven  days.  The  total  leucocyte  count  remained  virtually  uniformly 
constant  at  10,000  per  c.mm.  The  percentage  count  showed  marked  altera- 
tion. At  the  first  examination  there  were  present  58  per  cent,  mononucleated 
cells,  40  per  cent,  polymorphonuclear  leucocytes,  and  2  per  cent,  eosinophile.s. 
From  this  date  a  gradual  increase  took  phice  until  the  eleventh  day.  A 
gradual  alteration  now  took  place,  the  relative  proportion  of  polymorphonuclear 
cells  increa.sing  and  the  mononucleated  cells  diminishing  until  the  time  of 
death. 

Natural  tumour,  Case  2. — The  tumours  present  on  the  penis  had  been 
excised  three  months  previously  and  were  ahnost  invisible.  Its  blood  was 
examined  on  four  occasions  during  two  months,  and  practically  no  variation 
occurred.  The  average  of  lymphocytes  and  mononucleated  cells  was  found 
to  be  slightl}-  higher  than  is  the  case  in  the  normal  dog. 

The  establishment  and  growth  of  the  tumour  is  accomjianied  by 
a  steady  increase  in  the  percentage  of  mononucleated  cells  in  the 
circulating  blood. 

In  the  other  animals  examined  evidence  of  this  progressive 
lymphocytosis  associated  with  the  growth  of  the  tumour  was  also 
seen. 

I  am  indebted  for  the  above  facts  to  Dr.  J.  il.  Graham,  who 
kindly  conducted,  at  my  request,  careful  daily  examinations  of  the 
blood  of  the  animals.  The  investigation  extended  over  a  period 
of  two  months.  The  record  of  liis  work  is  of  twofold  value,  as, 
not  only  is  it   that  of  an  accurate  and  skilful  observer,  but  also  of 
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one  who  approached  the  subject  with  a  perfectly  unbiased  mind,  as  he 
was  iiuaware  that  a  lymphocytosis  was  to  be  expected  in  the  cases 
under  investigation. 
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IX.  Dlscussion  of   the   General  Like  -  History  of   the   Tumoirs 

FORMED    AFTER    INOCULATION,    AND      A     COMPARISON      OF      IT     WITH 

THE  Process  of  Eepaii!. 

The  histoj^'enesis  of  the  tunuiur  iia.s  already  been  shown  to  be 
caused  by  a  graftin<,'  of  tumour  cells,  of  the  portion  introduced,  upon 
the  tissues  of  the  new  host,  associated  with  a  concomitant  formation  of 
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similar  cells  from  the  latter  source.  This  chauge  has  been  seen  to 
occur  only  in  those  situations  where  direct  contact  is  present.  The 
tumour  cells  created  in  the  tissue  of  the  host  are  formed  by  anaplasia 
from  the  fibroblasts  present  in  the  natural  process  of  repair  round  any 
foreign  body.  When  we  compare  the  changes  in  the  fixed  tissue  cells 
adjacent  to  the  nodule  introduced  with  that  seen  in  the  response  to 
certain  other  irritants,  we  noted  in  both  cases  a  rapid  response  on  the 
part  of  the  connective  tissue  and  endothelial  cells,  which  varies  in 
rapidity  of  appearance  and  degree  according  to  the  intensity  of  the 
virus.  In  the  reaction  of  the  fixed  tissue  cells  to  a  definite  infective 
process,  such  as  a  micro-organismal  infection,  there  can  be  seen, 
after  twenty-four  hours,  according  to  Maximow,  a  swelling  of  the 
protoplasm  of  the  connective  tissue  cells,  especially  those  in  the 
neighbourhood  of  the  blood  vessels,  an  alteration  in  the  contour  of 
these,  whereby  the  thin  flat  processes  become  thick  and  sharp  and  their 
nuclei  enlarge  and  occasionally  exhibit  mitotic  figures.  In  the  course 
of  the  first  few  days  fibroblasts  are  formed  in  great  numbers,  which, 
according  to  his  experience,  is  not  the  case  in  an  aseptic  inflammation 
until  three  to  four  days  had  elapsed. 

Anaplasia  of  these  fibroblasts  is  of  frequent  occurrence  after  acute 
infection,  and  has  been  noticed  to  be  especially  well  seen  in  the  dog 
during  the  stage  of  four  to  five  days,  and  also  what  would  appear  to 
be  the  undoubted  formation  of  fibroblasts  from  active  proliferation  of 
endothelial  cells.  This  has  also  been  seen  by  me  during  the  histo- 
genesis of  the  tumour  and  in  animals  which  were  immune,  and  would 
go  to  support  the  work  of  Baumgarten  that  blood  vessel  endothelium 
can  produce  connective  tissue. 

The  differences  which  are  noticed  in  the  changes  associated  with 
the  histogenesis  of  the  tumour  are — 

(1)  The  formation  of  the  fibroblast  would  appear  to  take  place 
earlier,  although,  as  we  have  already  mentioned,  Kiener  and  Duclert 
(1893)  describe  their  formation  after  a  micro-organismal  infection  as 
early  as  six  hours. 

(2)  The  anaplasia  occurs  earlier,  and  instead  of  being  a  transient 
reaction  it  persists,  and  by  the  active  division  of  the  cells  the  forma- 
tion of  a  mass  is  brought  about,  having  the  histological  structure  of  a 
tumour,  from  the  centre  of  which,  during  its  creation  and  growtii,  the 
blood  borne  cells  of  the  inflammatory  exudate  can  be  considered  as 
lieing  virtually  absent.  The  transient  anaplasia  of  the  fibroblasts 
associated  with  an  intense  micro-oi'ganismal  infection  passes  off,  and  is 
followed  by  organisation,  during  which  there  is  interspersed  throughinit 
these  fibroblasts  other  cells  of  the  inflammatory  exudate,  especially  the 
mouonucloatod  cells  called  ])olyblasts,  which  we  consider  to  be  virtually 
entirely  derived  from  alteretl  lymphocytes.  The  role  of  the  lymphocyte, 
and  of  its  further  development  the  polyblast,  in  the  process  of  rei^air 
and  histogenesis  of  the  tmnour,  would  appear  to  be  in  many  respects 
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similar.  In  the  acute  intlamoiatoiy  process  similar  mononuclear  cells 
are  present  in  the  peritoneal  inflammatory  exudate,  according 
to  Beattie  (1902)  in  increased  amount  in  eighteen  to  thirty  hours. 
These  cells  are  generally  recognised  to  act  as  phagocytes  to  cellular 
debris,  and  to  a  lesser  extent  to  living  micro-organisms.  It  is  also  a 
well-recognised  fact  that  in  certain  infections,  such  as  with  the 
tubercle  bacillus,  they  are  especially  abundant,  and  subserve  almost 
entirely  the  function  usually  discharged  l>y  the  polymorphonuclear 
leucocyte  in  acute  infections. 

Maximow,  in  his  work  on  inflammation  produced  by  the  introduction  of 
aseptic  foreign  bodies,  found  that  an  early  active  emigration  of  lymphocytes 
from  the  blood  vessels  took  place ;  a  cytological  development  of  these  occurred 
leading  to  the  formation  of  similar  large  mononucleated  cells  which  arranged 
themselves  around  the  foreign  body,  in  contact  with  it,  and  throughout  the 
fibroblasts  later  formed  round  it. 

Schwarz  (1904)  obtained  a  similar  result,  and  noticed  how  during  the 
course  of  the  first  two  hours  after  the  injection  of  the  foreign  body  into 
the  tissues  there  appeared  a  very  plentiful  and  undoubted  emigration  of 
lymphocytes  from  tlie  blood,  and  the  development  from  these  of  large 
mononucleated  cells. 

Ziegler,  K.  (1904),  in  his  work  on  the  skin  and  subcutaneous  tissue  of 
human  beings,  saw  a  similar  emigration  of  lymphocytes  from  blood  and  lymph 
vessels. 

The  function  of  these  in  acute  inflammation  is,  in  certain  respects,  obvious. 
Where  tissue  debris  has  to  be  removed  they  can  be  seen  with  particles  of  this 
debris  ingested  by  their  protoplasm.  Where  the  infection  is  less  intense  they 
appear  to  be  largely  responsible  for  limiting  its  spread,  as,  for  example,  in 
the  production  of  giant  cells  and  the  giant  cell  sj-stem  in  a  tuberculous  lesion. 
In  the  process  of  repair  round  an  aseptic  foreign  body  they  are  present  at  an 
early  period,  but  gradually  diminish  in  numbers  until  only  those  remain  which 
have  become  incorporated  in  the  fixed  tissue  cells  of  the  part,  as  sessile 
adventitia  cells  known  as  clasmatocytes.  This  is  brought  al)out  by  a  gradual 
transformation  of  the  cells  characterised  by  an  alteration  in  their  size  and  an 
increased  granularity  of  their  cytoplasm  due  to  the  presence  of  a  substance 
the  nature  of  which  is  unknown,  but  whicli  according  to  Ranvier  (1900),  who 
first  named  them,  is  a  secretion  of  the  cell  which  may  play  a  part  in  the 
nutrition  of  the  tissues.  These  cells,  in  his  ojiinion,  are  unicellular  glands  like 
the  leucocytes,  and  their  secretion  is  necessary  for  tissue  metabolism. 

Justi  (1897)  has  noticed,  especially  in  tuberculous  infection,  cells  similar 
to  those  de.scribed  as  polyblasts,  and  he  thinks  that  they  are  probably  the 
carriers  of  a  substance  for  the  nutrition  of  the  rapidly  growing  cells. 

In  the  histogenesis,  growth,  and  gradual  disappearance  of  tiie 
tumour  the  lymphocyte  and  polyblast  would  appear  to  play  a 
definitely  important  part.  They  are  from  the  first  found  in  tiie 
nodule  only  in  tlie  areas  where  necrotic  cells  exist,  and  would  apjMjar 
undoubtedly  to  lie  responsible  for  the  removal  of  these.  In  these  regions 
at  a  later  stage  they  are  as.sociated  with  mature  fibroblasts  and  definite 
granulation  ti-^^sue.  With  the  increa.sed  growtli  of  the  tumour  and  its 
invasion  of  this  region  they  di.siippear  in  this  jwsition,  and  definite 
fibrous  tissue  formation  never  occurs. 

From  the  earliest  period  it  was  always  a  noteworthy  fact  tiiat  in 
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those  areas  where  healthy  tumour  cells  were  found  the  mououvicleated 
cell  was  always  virtually  absent.  In  the  tissues  of  the  host  adjaceut 
to  the  nodule  they  were  present  from  the  first,  and  at  the  extending 
border  of  the  growth  they  wei'e  alwaj's  to  be  found. 

The  examination  of  the  blood  would  appear  to  establish  the  fact 
that  the  disease  is  one  which  is  characterised  by  an  increase  of  the 
total  number  of  mononucleated  cells,  especially  of  the  lymphocyte 
type  in  the  circulation.  Similar  cells  are  also  seen,  forming 
extravascular  accumulations  to  blood  vessels  in  the  tissues  beyond  the 
border  of  the  extending  growth.  As  the  tumour  gradually  forms, 
these  cells  become  evident  in  increased  numbers  inside  the  vessels 
entering  it,  and  outside  them  throughout  its  substance,  where  they 
form  lines  of  extravascular  undifferentiated  lymphocyte-like  cells.  At 
this  period  they  are  especially  evident  at  the  outer  border  of  the 
growth,  where  the  fibroblast  is  now  seen  to  be  proceeding  to  form 
fibrous  tissue,  and  taking  part  in  the  creation  of  a  capsule  to  the 
tumour. 

The  gradual  absorption  of  the  growth  is  one  which  is  most 
evident  at  the  outer  margin  where  mononucleated  cells  abound,  and 
their  presence  here  is  associated  with  a  gradual  degeneration  of  the 
tumour  cells  adjacent  to  them  and  the  formation  of  new  fibrous-tissue 
strands.  Throughout  the  tumour  during  its  resorption  the  mono- 
nucleated  cells  become  gradually  more  evident,  and  more  of  them  are 
of  the  polyblast  type.  The  disappearance  of  the  growth  is  accom- 
panied by  a  great  increase  in  the  number  of  these  throughout  it,  and 
at  this  period  the  number  present  in  the  adjacent  tissue  may  be  so 
great  as  to  form  distinct  lymphoid  masses.  Those,  however,  which  are 
directly  in  relationship  to  the  degenerating  tumour  cells  are  now 
almost  all  of  the  larger  mononucleated  type,  and  very  many  of  them 
have  their  protoplasm  rich  in  the  material  which  stains  so  intensely 
"  basophile,"  and  which  is  the  noticeable  feature  of  the  so-called  plasma 
cells.  ■  This  material  stains  in  a  manner  similar  to  that  found  in  the 
clasmatocyte,  and  was  looked  upon  there  as  an  intracellular  secretion. 
Phagocytosis  of  the  tumour  cells  by  polyblasts  can  very  occasionally 
be  made  out,  but  this  is  very  exceptional ;  the  process  would 
undoubtedly  appear  to  be  one  where  the  tumour  cell  is  degenerated  by 
cytolysis  prior  to  its  removal  by  the  phagocytes. 

There  is  a  certain  amount  of  evidence  in  favour  of  the  contention 
that  the  destruction  of  the  tumour  cells  is  due  to  a  process  of 
extracellular  digestion  by  the  polyblasts.  This  never  occurs  in  the 
absence  of  the  latter  cells.  Where  they  abound  such  of  the  tumour 
cells  as  are  not  obviously  degenerating  are  never  seen  undergoing 
mitowi.s. 

Finally,  successful  inoculation  has  followed  tlie  introduction  of  a 
tiny  nodule  the  size  of  a  lentil,  which  was  all  that  remained  of  a 
tumour,  but   this,   however,  contained    a    minute    portion    of    tumour 
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tissue  iiniuvaded  by  polyblasts ;  whereas,  on  the  other  hand,  failure 
took  place  in  another  case  where  at  a  slightly  later  date  the  nodule 
was  coiypletely  invaded  and  the  tumour  cells  destroyed.  These 
experiments  would  appear  to  support  the  contention  that  the  cause 
of  cell  destruction  lies  in  the  invading  polyblast  and  not  in  the  serum 
of  the  circulating  blood  bathing  the  tumour.  The  other  explanation 
possible  of  such  a  gradually  advancing  process  of  cell  death  is,  that 
the  serum  contains  the  cytolysiu,  which  is  so  scanty  in  amount  that 
it  is  used  up  by  the  peripheral  tumour  cells,  and  the  polyblast  can 
only  advance  against  those  which  are  devitalised.  The  death  of  the 
cell  cannot  be  attributed  to  the  loss  of  its  own  inherent  vitality  in 
view  of  subsequent  immunity  produced  and  the  facility  of  inoculation 
which  they  show  in  the  uon-immuuised  dog. 

The  part  which  the  mouonucleated  cell  plays  in  the  prevention  of 
tumour  growth  in  the  immune  animal  has  already  been  shown.  The 
tumour  grafts  as  before,  but  is  at  once  invaded  by  lymphocytes  which 
show  a  cytological  development  into  polyblasts.  Tlie  growth  is 
arrested.     The  cells  of  it  are  destroyed  and  disappear. 

X.  The  Etiology  of  the  Tumour. 

The  process  by  which  tumours  arise  in  the  natural  course  of  the 
disease  has  not  been  worked  out  in  detail.  It  is,  of  course,  as  we 
have  already  seen,  well  known  that  the  infection  is  conveyed  during 
the  act  of  coition  from  another  animal,  with  tumours  upon  its  genital 
organs  This  is  followed  after  some  weeks  by  the  appearance  of 
minute  vascular  nodules,  which  develop  into  tumours  that  persist 
much  longer,  and  much  less  seldom  disappear  than  is  tlie  case  in  those 
produced  by  artificial  inoculation. 

The  causal  virus  is,  as  already  said,  unknown. 

Those  who  claim  that  tlie  tumours  formed  after  inoculation  are 
created  entirely  from  the  portion  introduced  are  logically  compelled 
to  acknowledge  that  a  similar  process  must  occur  with  natural 
infection,  which  would  mean  that  not  only  was  tlie  sporadic  tumour 
made  up  of  cells  which  belonged  to  tissues  of  the  previous  generaticm, 
but  that  all  the  tumours  at  ])resent  in  existence  were  made  up  of  cells 
derived  from  some  animal  which  had  in  the  remote  ages  acquired  this 
disease  in  a  manner  wliich  is  incapable  of  explanation,  but  one  wliich 
had  conferred  on  the  cells  formed  a  power  of  unlimited  growth  and 
proliferation. 

Although  I  am  not  prepareil  to  deny  that  such  is  possible,  and 
that  the  power  of  apparently  unlimited  propagation  wliich  the  cancer 
cells  of  Jensen's  tumour  possess  is  evidence  in  its  favour,  I  would 
maintain  that  if  this  l)e  the  natural  mode  of  infection  it  stands  alone 
as  a  tiiii([ue  mode  of  the  propagation  of  disease,  whicli  is  witliout 
analogy  in    llu-  domains  of  ])atho]ogy.      When  we  consider  tlie  other 
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possible  explanations  of  the  mode  of  origin  of  the  tumours  we  at  once 
reaUse  that  the  virus  is  one  which  is  so  intimately  bound  up  with  the 
life  of  the  cell  that  it  cannot  be  dissociated  from  it  by  any  means 
known  at  present,  and  consequently  it  would  appear  that  only  by  the 
passage  of  a  virus  from  a  living  cell  to  a  living  cell  can  the  infection 
be  explained.  This  process  must  be  much  akin  to  that  which  takes 
place  in  tlie  propagation  of  the  disease  by  artificial  inoculation,  with 
tliis  difference,  that  in  the  latter  case  the  favourable  surroundings 
allow  many  of  the  cells  introduced  to  live  and  divide,  and  add  to  the 
tumour  mass  which  they  have  originated  and  help  to  form  parts. 
This  would  explain  how  in  such  a  case  the  tumours  form  much  more 
frequently,  grow  much  more  rapidly,  become  so  much  larger,  and  also 
possibly  tlie  much  higher  percentage  of  spontaneous  recoveries. 

If  we  accept  the  hypothesis  that  the  processes  of  natural  and 
artificial  infection  correspond,  with  this  difference,  that  in  the  latter 
case  the  process  is  complicated  liy  certain  of  the  cells  of  the  previous 
generation  living,  we  may  obtain  a  fair  insight  into  the  nature  and 
mode  of  infection  by  studying  the  inception  and  growth  of  the  tumour. 
If  such  will  be  accepted  I  would  submit  that  the  deductions  which 
follow  concerning  the  etiology  of  the  disease  from  the  facts  which  we 
ha\-e  already  established  are — 

1.  The  tumour  is  one  which  is  formed  by  the  reaction  of  the 
tissues  to  a  virus  which  especially  affects  the  fixed  tissue  cells,  leads 
to  the  production  of  fibroblasts  in  excess,  and  these  by  anaplasia 
l)ecome  converted  into  tumour  cells,  which  continue  to  divide  actively 
and  to  exert  a  negatively  chemiotactic  influence  on  tlie  mononucleated 
cells  at  the  site  of  tumour  formation. 

2.  The  response  on  the  part  of  the  body  of  the  host  consists  in 
tlie  production  of  lymphoid  cells  in  excess.  The  arrest  of  the  growth 
is  due  to  the  creation  by  the  host  of  a  substance  which  is  probalsly 
borne  in  the  mononucleated  cell,  and  which  at  fii'st  arrests  the 
further  formation  of  new  tumour  cells  from  the  fibroblasts  of  adjacent 
tissue,  and  allows  these  to  proceed  to  carry  out  their  natural  function 
of  fibrous  tissue  formation,  and  later  is  responsible  for  the  gradual 
absorption  and  disappearance  of  the  tumour  by  a  destruction  of  its 
cells  with  a  concomitant  formation  of  fibrous  tissue.  The  mere 
absence  of  the  mononucleated  cell  fi-om  the  zone  of  tumour  formation 
might  explain  the  continued  cell  division  and  the  formation  of  the 
tumour  in  a  manner  similar  to  that  advanced  by  Kil)bert  in  explana- 
tion of  the  creation  of  true  neoplasms,  the  formation  of  which  he 
explains  by  an  isolation  of  certain  of  the  cells  of  the  body  and  a  loss 
of  restraint  normally  exerted  upon  them  by  their  fellows.  Tiie  fibro- 
blast in  one  case  may,  owing  to  the  absence  of  the  mononucleated  cell, 
have  been  removed  from  a  restraining  iufluen?e  which  is  naturally 
present,  regulating  its  development  and  limiting  its  growth. 

The  causal  factor  may,  on  tlic  other  hand,  be  an  intracellular  virus, 
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which  stimulates  the  cell  to  active  division  and  repels  the  mono- 
nucleated  cell,  which  only  returns  when  it  is  the  l^earei-  or  the 
follower  of  a  substance  which  is  capable  of  inhibitiug  the  Lrriiwth  and 
destroying  the  life  of  the  tumour  cell. 

XI.  The  Henal  Changes  induced  f.y  Infective  Sakcoma. 

ExPEltl.MEXTAL    AcUTE    INTERSTITIAL    XEPHRITIS. 

When  examining  the  lesions  present  in  the  organs  of  the  second 
animal  which  was  inoculated,  and  which  died  with  secondary  foci  of 
the  disease  in  certain  parts  of  its  body,  evidence  of  acute  interstitial 
nephritis  was  seen.  The  important  relationship  which  this  intlaui- 
matory  change  bore  to  the  disease  was  further  emphasised  when  a 
similar  change  in  a  more  acute  form  was  detected  at  the  next  post- 
mortem, which  was  held  on  a  dog  that  died  in  the  sixth  week  after 
the  introduction  of  a  filtrate  obtained  from  the  tumour.  So  far  none 
of  those  who  have  investigated  this  disease  have  described  any  changes 
produced  by  it  in  the  kidneys.  To  determine  liow  far  those  found 
by  me  could  be  attributed  to  the  presence  of  the  tumour  and  the  intro- 
duction of  a  filtrate  obtained  from  it,  investigation  was  conducted  as 
follows  :  The  kidneys  of  six  dogs  which  had  been  killed  outriglit  when 
in  apparent  good  health  were  examined.  These  animals,  wliich  were 
used  in  the  course  of  an  investigation  conducted  in  another  place, 
and  which,  I  was  informed,  were  obtained  from  the  same  source  of 
supply  as  were  mine,  showed  no  evidence  of  recent  or  former  intlam- 
matory  change  in  their  kidneys. 

Thereafter  the  kidneys  of  twenty-three  animals  were  examined. 
Sixteen  of  these  were  dogs  which  had  Ijeen  inoculated  with  portions 
of  the  tumour.  Five  were  animals  into  which  the  filtrate  ol>tained 
from  the  tumour  had  been  introduced.  One  dog  wliich  had  recovered 
from  the  sporadic  tumour  was  examined,  and  finally  the  kidneys  of 
one  of  the  foxes  which  had  develoj)ed  tumours  were  also  in\'estigated. 
In  all  of  these  animals,  with  three  exceptions,  evidence  of  an  inflam- 
matory change  was  present,  the  apjiarent  age  of  which  corresitonded 
closely  with  the  period  during  wliicli  the  virus  had  lieen  exerting 
its  action.  The  changes  varied  in  degree,  but  in  all  tlie  appejir- 
ances  closely  corresponded,  and  were  the  manifestations  of  tlie  same 
l>athologieal  process,  with  such  ditVereuces  as  one  would  naturally 
expect  to  find  from  tlio  severity  of  tlie  reaction  jmnluced  and  its 
duration. 

KiiixEvs  KuoM  Animals  (Kxperimest  \o.  2). — Second  Gkneu.\tiun, 
First  Sekies. 

This  animal  dieil  forty-seven  days  after  inoculation  with  portii>ns  of  tlie 
original  .sporadic  tumour,  and  at  the  post-mortem  examination  there  was  found, 
in  aiMiliiin  to  the  primiiry  >,'ro\vth.s,  secondary  foci  of  the  disease  in  tlie  liver, 
iiitc-iliiit',   and   suprarenal   pland. 

^[oltl)M>  Ax.\ToMv. — Tiic  ki<lnoy3  showed  no  obvious  change.     The  riijhl 


INFECTIVE  SARCOMA  OF  THE  DOG.  407 

was  somewhat  bulky.  Its  capsule  stripped  readily,  exposing  a  surface  which 
was  smooth  and  of  a  pale  somewhat  mottled  appearance.  On  section  it  was 
of  the  usual  consistence,  and  its  cut  surface  also  appeared  pale  in  colour.  The 
cortex  was  somewhat  swollen,  and  the  vascular  marking  was  not  distinctly 
visible.  Opaque  strands  could  be  seen,  especially  at  the  boundary  zone,  extend- 
ing as  faint  lines  into  the  cortex. 

The  renal  peh'is  showed  no  evidence  of  disease,  and  the  larger  vascular 
trunks  did  not  appear  thickened.  No  evidence  of  amyloid  degeneration  was 
present  to  the  naked  eye  or  revealed  on  testing  with  iodine  solution. 

Histological  Structure. — The  most  noticeable  feature  on  microscopical 
examination  was  the  large  number  of  lymphocyte-like  cells  throughout  the 
interstitial  tissue  of  the  organ.  These  were  especially  seen  at  the  boundarj' 
zone  as  large  extravascular  accumulations,  following  the  lines  of  the  interlobular 
vessels  throughout  the  cortex.  This  appearance  was  not  constant  for  the 
whole  kidney,  but  was  confined  to  zones  which  radiated  through  the  cortex. 
The  blood  vessels  showed  no  evidence  of  disease  of  their  walls.  The 
glomeruli  showed  little  alteration, — those  which  showed  the  most  definite 
change  were 'situated  in  the  zones  where  small  cells  were  abundant.  The 
afferent  and  efferent  arterioles  showed  no  evidence  of  hyaline  degeneration  of 
their  walls.  The  glomerular  capillaries  showed  no  evidence  of  disease. 
Bowman's  capsule  in  some  cases  was  the  site  of  a  distinct  reaction  ;  the 
endothelial  cells  lining  it  were  swollen  up,  their  nuclei  being  much  more 
distinct,  and  it  was  evident  that  recent  proliferation  of  these  had  taken  place. 
In  the  zones  where  the  small  cells  were  most  abundant  the  reaction  on  the 
part  of  Bowman's  capsule  was  most  evident.  Apart  from  the  proliferation  of 
the  endothelial  cell.?,  little  further  change  might  be  noticed.  In  some  cases, 
however,  the  capsule  was  seen  to  be  swollen — to  be  distinctly  fibrillated. 
minute  spindle-shaped  cells  being  arranged  around  it  in  a  concentric  manner. 
The  tubules  were,  for  the  most  part,  healthy.  Fatty  degeneration  could,  how- 
ever, be  made  out  to  have  occurred  in  certain  of  those  included  in  the  zones 
of  reaction.  The  cells  in  the  interstitial  tissue  were  found,  on  examination,  to 
be  mostly  polyblasts  and  plasma  cells,  and  some  undifferentiated  lymphocytes. 
Mature  spindle-shaped  fibroblasts  could  not  be  detected,  although  it  would 
appear  probable  that  certain  cells  which  were  present,  which  appeared  like 
tumour  cells,  were  of  connective  tissue,  and  probably  also  endothelial 
origin.  The  left  kidney  was  found,  on  examination,  to  manifest  changes  of  a 
similar  nature. 

From  the  foregoing  facts  it  would  appear  that  there  was  here  present  a 
recent  acute  interstitial  nephritis,  with  an  associated  slight  parenchymatous 
degeneration  mainly  att'ecting  the  ascending  limbs  of  the  looped  tubules  of 
Henle. 

HXAMINATION'    OF    THE    KlDNEY    OP   THE    DoG    (ExPERI.ME.VT    No.    1). 

Second  Genbbation,  First  Series. 

In  this  animal  the  tumours  developed  and  then  gradually  diminished  in 
size,  and  finally  disappeared  eighty-one  days  after  the  date  of  inoculation. 
Four  months  later  it  was  again  inoculated,  but  no  tumours  formed.  A  year 
and  a  half  from  the  first  inoculation  portions  of  the  stock  of  a  second 
natural  tumour  were  introduced  into  it  with  a  similar  result,  and  the  animal 
was  killed  ten  days  later,  as  these  were  disappearing — that  is,  approximately  a 
year  and  a  half  from  the  date  of  the  original  experiment. 

Morbid  Anatomy. — At  the  post-mortem  examination  the  kidneys  were 
seen  to  be  small ;  in  both  numerous  subcapsular  cysts  existed.  The  capsules 
were  thickened,  somewhat  adherent,  and  when  removed  revealed  an  irregular 
surface  with  a  morocco-leather  appearance.  The  organs  were  firm  on  section, 
and  the  cortex  was  atrophied.  'The  vascular  markings  were  irregular  in  their 
distribution,  and  the  surface  had  a  general  difl'uso,  granular  appeai-ance  through- 
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out.  The  pelvis  was  healthy.  The  larger  vascular  trunks  were  not  notice- 
ably thickened. 

Histological  Structure. — On  microscopical  examination  the  capsule  is 
seen  to  be  united  to  the  kidney  cortex,  under  the  depressions  on  its  surface, 
by  bands  of  scar  tissue,  which  pass  down  to  the  boundary  zone.  These  have 
somewhat  the  appearance  and  general  distribution  that  was  noticed  in  the 
previous  case.  The  zones  here,  however,  in  contradistinction  to  what  was 
found  in  the  former,  traverse  the  cortex  to  its  surface  more  frequently,  and 
are  obviously  much  more  fibrous,  having  included  inside  some  of  them 
degenerated  tubules  and  obliterated  fibroid  glomeruli. 

Blood  Vessels. — The  larger  vessels  show  some  thickening  of  their  outer 
coats,  due  to  an  increase  of  fibrous  tissue. 

Glomeruli. — Those  situated  in  the  zones  of  healthy  cortex  appear  normal, 
whereas  of  such  as  are  included  in  the  zones  of  scar  tissue  some  are  distinctly 
fibroid,  others  show  changes  present  in  them  to  a  lesser  degree.  In  the 
latter  the  afferent  and  efferent  arterioles  show  no  evidence  of  disease.  In 
the  glomerular  tuft  there  is  no  change  present  in  the  walls  of  the  capillaries 
forming  it,  and  its  nuclei  are  not  increased  in  number.  The  capsular  space 
is  occupied  by  a  granular  albuminous  exudate,  into  which  in  many  cases  an 
occasional  red  blood  cell  has  escaped. 

Bowman's  capsule  is  usually  distinctly  fibrillated  by  layers  of  concen- 
trically arranged  cells  with  delicate  spindle-shaped  nucleL  The  endothelial 
cells  lining  the  capsule  are  in  some  cases  swollen  and  distinct.  The 
periglomerular  tissue  consists,  in  many,  of  concentric  layers  of  delicate  fibrous 
tissue,  with  small  deeply  staining  cells  which  have  deeplj'  staining  nuclei 
between  the  fibres. 

The  tubules  show  fatty  degenaration  in  the  secreting  tubules,  in  relation- 
ship to  the  zones  of  scar  tissue.  In  the  tubules  not  include<l  in  these, 
however,  fatty  degeneration  is  occasionally  seen,  whereas  in  some  others  the 
swelling  of  the  protoplasm  with  other  appearances  indicate  the  presence  of 
cloudy  swelling.  In  the  collecting  tubules,  in  connection  with  the  zones  of 
scar  tissue,  numerous  dark  staining  granular  casts  are  situated. 

Interstitial  tissue. — Bands  of  fibrous  tissue  pass  from  the  vessels  at  the 
bases  of  the  pyramids  to  the  cortex,  which  is  tacked  down  bj-  them.  These 
follow  the  lines  of  the  interlobular  arteries,  and  include  within  them 
degenerating  tubules  and  an  occasional  fibroid  glomerulus.  Some  of  these 
are  more  cellular,  whereas  others  are  more  fibrous.  And  in  them  at  some 
parts  extravascular  accumulations  of  small  cells,  with  a  more  or  less 
spherical  contour,  exist ;  these  consist  of  lymphocytes,  polyblasts,  and  plasma 
cells,  with  some  fibroblasts  and  endothelial  cells  between  them.  From  these 
regions  they  extend  between  the  adjacent  tubules,  and  around  the  glomeruli, 
where  the  two  latter  cells  are  much  more  scanty.  With  H.  la.  Pf.  the 
fibrous  tis.sue  is  especially  well  demonstrated,  as  it  radiates  through  the 
cortex  and  forms  jieriglomerular  rings  of  fibrous  tissue,  some  of  wliich  have 
proceeded  further  to  distinct  fibroid  glomeruli.  It  is  also  seen  .surrounding 
the  interlobular  arteries  with  a  fibrous  periarteritis,  an  appearance  very 
similar  to  that  seen  in  the  last  case  :  but  instead  of  consisting,  as  it  did  there, 
of  an  aggregation  of  indiviilual  crlhilar  units,  it  is  now  made  uj)  of  organised 
tiss(ies. 

The  result  of  the  examination  would  liere  appear  to  demonstrate  the 
prescnie  of  a  chronic  interstitial  nephritis,  with  the  addition  of  a  more 
recent  infection. 

EXAMINATKI.N    <JF     IIIE    KlUNKYS    OF     THE    Den;    { I'',Xl'EUI.MKNr    No.    4; 

Filtration  Kxtkrimext  No.   1). 

This  animal  was  a  healthy  wire-haireil  fox-terrier,  and  into  it  the  filtrate 
obtained  from  tlie  tumours  of  the  second  generation,  wliirh  dcvelojtod  in  tlio 
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dog  (Experiment  No.  2),  was  introducetl.  The  process  by  wLich  this  filtrate 
was  obtained  was  as  follows  :  The  tumour  was  excised,  and  three  nodules 
the  size  of  small  hen's  eggs  were  introduced  into  a  mortar  which  had 
previously  been  sterilised,  and  sterilised  normal  saline  solution  was  added. 
They  were  then  teased  out  with  sterili.sed  glass  rods  and  furtlier  broken  down 
with  tlie  pestle.  Tlio  emulsion  thus  obtained  was  [jassed  through  a  new 
r.erkefeld  filter.  After  an  hour  had  elapsed  25  c.c.  of  straw-coloured  fluid 
was  obtained,  and  this  was  introduced  directly  into  the  subcutaneous  tissue 
of  the  animal,  the  whole  process  being  completed  in  less  than  two  hours 
from  the  time  at  which  the  tumours  were  excised. 

The  amount  injected  may  be,  approximately,  said  to  amount  to  the  fluid 
extract  of  two-thirds  of  the  tumour  bulk  used.  The  effect  upon  the  animal 
was  slight  at  first.  It  was  kept  under  especially  close  observation,  as  the 
experiment  was  conducted  to  see  whether  or  not  the  tumours  formed  might 
not  be  due  to  the  presence  of  an  ultra-microscopical  parasite,  capable,  like 
some  others,  of  passing  through  the  pores  of  a  Berkefeld  filter.  As  has 
been  already  stated,  no  tumours  did  form.  The  animal,  however,  steadily 
lost  weight.  Absolutely  no  local  reaction  at  the  site  of  hypodermic  injection 
couM  be  detected.  It  continued  to  lose  weight  more  rapidly  towards  the 
end,  and  finally  died  six  weeks  from  the  date  of  the  original  and  only 
injection.  A  complete  post-mortem  examination  was  at  once  conducted. 
The  appearance  detected  in  the  other  organs  of  the  body  consisted  solely  of 
the  evidence  of  a  doubtful  reaction  to  a  possible  toxin,  and  no  cause  of  death 
could  be  made  out  until  the  kidneys  came  to  be  examined. 

Morbid  Axatomv. — Both  kidneys  were  of  normal  size,  and  had  under 
their  capsule  minute  white  points  which  had  somewhat  the  appearance  of 
miliary  tubercles. 

The  caiisule  was  not  adherent,  and  stripped  readily,  exposing  a  .surface 
which  was  smooth  and  studded  with  minute,  almost  microscopical  points,  with 
an  appearance  somewhat  like  miliary  tubercles. 

On  section  the  cortex  was  seen  to  be  of  normal  diameter.  The  vascular 
markings  apjieared,  if  anything,  somewhat  irregular.  The  glomeruli  were  not 
distinct,  and  no  haemorrhages  were  present.  At  certain  parts  minute  grey  lines 
were  seen,  which  followed  the  direction  of  the  interlobular  vessels  and 
■obscured  them,  and  coidd  often  be  made  out  extending  to  the  minute  white 
epecks  underneath  the  capsule. 

Tlie  Pelvis  was  healthy,  and  the  larger  renal  vessels  were  not  apparently 
diseased. 

Histological  Structure. — The  most  noticeable  feature  was  the  presence  of 
small  cells  in  the  interstitial  tissue  throughout  the  organ  (Plate  XLYI.  Fig.  1 7). 
These  were  seen  to  radiate  throughout  the  substance  of  the  kidnej',  following 
the  lines  of  the  blood  vessels.  They  commenced  around  the  vessels  in  the 
boundary  zone  and  passed  to  the  cortex,  where  they  formed,  at  some  parts, 
small  distinct,  wedge-shaped  areas,  made  up  of  deeply  staining,  somewhat 
spherical  small  cells.  The  glomeruli  showed,  in  most  cases,  evidence  of 
reaction.  The  att'erent  and  efferent  arterioles  manifested  no  evidence  of 
hyaline  degeneration  of  their  walls,  nor  blocking  of  their  lumen  by  cellidar 
increase.  The  glomerular  capdlaries  showed  virtually  no  reaction.  In 
Bowman's  capsule  the  endothelial  lining  was  usually  unduly  distinct,  its 
cells  being  swollen  up  and  increased  in  number.  The  capsule  itself  was 
often  distinctly  fibrillated,  and  could  be  seen  to  be  made  up  of  small  spindle- 
shaped  cells,  concentrically  arranged  ;  and  where  this  was  evident  an  associated 
periglomerular  accumulation  of  small  cells  could  be  seen.  The  appearance 
abo^fe  described  was  seen  in  many  glomeruli.  In  others  it  was  jirosent  in  a 
greater  or  less  degree  (Plate  XLVI.  Fig.  18).  The  secreting  tubules  showed 
fatty  degeneration,  especially  in  the  ascending  limbs  of  the  looped  tubules  of 
Henle.     This  change  was  most  evident  in  those  supplied  by  the  glomerular 
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unit  involved  in  the  developed  cicatrix.  The  cells  present  in  the  interstitial 
tissue  were  mainly  polyblasts  and  plasma  cells,  a  few  lymphocytes  and 
endothelial  and  connective-tissue  cells.  An  examination  of  the  kidneys  in 
this  case  showed  that  they  were  the  site  of  recent  acute  interstitial  nephritis, 
with  the  customary  associated  slight  parenchymatous  degeneration. 

The  complete  post-mortem  examination  revealed  no  other  cause  of  death. 
The  animal  appeared  in  perfect  health  when  first  -seen.  Since  then  the  only 
possible  toxin  which  would  produce  such  changes  was  that  introduced.  The 
anfesthetio,  for  obvious  reasons,  could  in  no  way  have  had  anything  to  do  with 
the  production  of  the  changes.  With  these  facts  before  us  we  are  compelled 
to  accept  the  cause  of  death  as  being  the  toxin  obtained  by  filtration  from 
infective  sarcoma  tumours,  which  had  induced  the  acute  infiammatory  changes, 
the  stress  of  which  had  mainly  fallen  on  the  interstitial  tissue  of  the  kidney 
and  produced  acute  interstitial  nephritis. 

The  essential  nature  of  the  lesions  present  in  the  three  cases 
which  have  been  described  is  the  extreme  degree  of  interstitial 
change  associated  with  a  very  limited  amount  of  involvement  of  the 
parenchymatous  tissue ;  this  similarity  being  especially  noticeable  in 
the  first  and  third  cases  quoted.  In  these  the  lesions  were  seen  to 
be  virtually  identical.  They  have  been  shown  to  have  occurred  in 
animals,  both  of  which  succumbed  to  the  effects  of  a  virus  to  which 
they  had  been  exposed  for  a  relatively  similar  period,  and  in  one 
case  to  have  developed  after  the  introduction  of  a  ])ortion  of  the 
tumour ;  in  the  other  to  have  followed  the  introduction  of  a  fluid 
obtained  by  filtration  for  the  same. 

The  lesion  of  the  kidney  which  they  displayed  in  common  is. 
identical  with  that  described  by  Councilman  (1897,  1898)  as  acute 
interstitial  nephritis.  This  form  of  nephritis  was,  according  to  him, 
first  described  by  Wagner  imder  the  name  of  lymphomatous  nephritis, 
and  is  a  variety  of  kidney  inflammation  which  is  frecpiently  the  result 
of  acute  infective  fevers,  being  found  more  especially  in  associationship 
with  diphtheria  and  scarlet  fever.  It  has  been  generally  looked  upon 
as  arising  from  the  operation  of  a  soluble  toxin  carried  to  that  organ 
in  the  blood  stream,  which  leads  at  the  same  time  to  a  degeneration 
of  the  parenchyma  and  proliferation  of  the  interstitial  tissue,  wiiereof 
the  essential  lesions  are  in  the  interstitial  tissue,  and  are  so  prominent 
and  accompanied  by  so  little  change  in  the  parenchyma  that  they 
cannot  be  regarded  as  seconilaiy  to  i)arenchymatous  lesions.  These 
may  he  followed  by  a  complete  restoration  of  the  integrity  of  the 
kidney,  or  by  a  gradual  organisation  of  the  iuflannuatory  tissue  present 
in  the  stroma  and  the  development  <if  chronic  interstitial  nepliritis. 
This  would  appear  to  liave  been  the  case  in  the  second  animal.  In 
the  cases  we  have  examined  the  reaction  present  in  tlie  parenchymatous 
tissue  has  lieen  even  less  severe  than  is  usually  met  in  those  described 
liy  Councilman  as  acute  interstitial  nepliritis,  with  tliis  corresponding 
advantage,  that  the  changes  whicli  occur  in  the  interstitial  tissue  cau 
l)e  more  readily  examined. 
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Summary  of  the  Mesulfs  of  the  Examination  of  the  Kidneys. 
(A)  Dogs  inoculated  with  the  Tumour. 

The  kidneys  of  sixteen  animals  were  examined. 

One  died  as  described  with  acute  interstitial  nephritis. 

Five  were  killed  after  the  tumours  had  disappeared  ;  four  of  these 
were  suffering  from  chronic  interstitial  nephritis.  One  showed  no 
evidence  of  this,  and  the  opportunity  of  examining  for  fatty  degeneration 
was  unfortunately  lost. 

Seven  were  killed  when  tlie  growth  was  mainly  at  'its  summit ; 
of  these — four  showed  definite  interstitial  nephritis,  subacute  in  type  ; 
two  showed  fatty  degeneration  only ;  and  the  last  one  was  not 
examined  for  fatty  change. 

Three  were  examined  during  the  stage  of  histogenesis.  At  eighteen 
hours  the  kidney  showed  congestion  of  the  vessels,  and  slight  cloudy 
swelling  of  the  epithelium  of  the  secreting  tubules.  At  twenty-four 
liours  distinct  cloudy  swelling  was  apparent,  but  no  fatty  degeneration. 
Three  days  after  inoculation  early  acute  interstitial  nephritis  was 
present.  The  cortex  and  medulla  were  infiltrated  at  certain  parts 
with  numerous  lymphocyte-like  cells,  and  fatty  degeneration  was  visible 
mainly  in  the  ascending  limbs  of  Henle's  tubules  (Plate  XLVI.  Figs. 
21  and  22). 

{B)  Dogs  inoculated  with  the  Filtrate. 

The  filtrate  was  injected  into  five  animals. 

One  died  as  described  from  acute  interstitial  nephritis  on  the 
thirty-sixth  day. 

One  was  killed  after  one  hundred  and  nineteen  days,  and  showed 
advanced  chronic  interstitial  nephritis  (Plate  XLVI.  Figs  19  and  20). 

Two  were  killed  after  forty-one  days  and  sliowed  fatty  degeneration, 
and  in  one  slight  intei'stitial  change. 

One  was  killed  after  fifty-one  days,  and  showed  no  obvious  cliauge 
in  its  kidneys. 

The  animals  whicli  lived  showed  virtually  no  reaction  in  their 
body  weight,  except  in  the  case  of  the  one  which  showed  chronic 
interstitial  change.  This  one  lost  weight  steadily  for  the  first  three 
and  a  half  weeks  and  then  gradually  regained  it  again,  so  that  it  was 
looked  upon  when  killed  as  a  negative  result  until  the  kidneys  were 
seen. 

(CO  Natural  Tumour  (Case  2). 

This  sliowed  sligjit  interstitial  nepliritis. 

The  constancy  with  which  these  changes  occurred  justifies  the 
assumption,  in  my  mind,  that  in  many  cases,  especially  after  inoculation 
with  portions  of  the  tumour,  infective  sarcoma  causes  mild  intt'rstilial 
nephritis. 
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The  General  Outline  of  the  Changes  2^'>'odnced. 

The  toxin  appears  to  be  one  which  shows  its  effects  earliest  upon 
the  epithelium  of  the  secreting  tuhules.  At  first  it  causes  cloudy 
swelling,  and  later  fatty  degeneration  of  the  epithelium,  more  especially 
that  lining  the  ascending  looped  tubules  of  Henle.  This  is  definitely 
evident  by  three  days.  By  this  date  also  there  appears  evidence  of 
reaction  on  the  part  of  the  interstitial  tissue.  This  may  go  on  to  the 
production  of  definite  acute  interstitial  nephritis,  or  may  rapidly  pass 
away.  The  evidence  of  necrobiosis  in  the  parenchyma  persists, 
however,  considerably  longer,  but  it  may  also  pass  oti'  and  leave  no 
trace  of  its  presence.  A  noticeable  feature  in  the  morbid  anatomy 
of  the  kidneys  was  the  frequency  with  which  no  positive  evidence  of 
inflammatory  or  degenerative  changes  could  be  detected  with  the 
naked  eye.  The  changes  induced  in  the  glomerular  structure  were 
very  slight.  The  glomerular  vessels,  at  no  time,  could  be  seen 
undergoing  hyaline  degeneration,  and  never  were  thrombosed  in  the 
earlier  cases.  A  very  occasional  haemorrhage  could,  however,  be  made 
out  to  have  occurred  from  them.  The  capsular  space  in  many 
contained  an  albuminous  exudate  with  an  occasional  red  blood  cell 
in  it.  In  Bowman's  capsule  the  most  noticeable  feature  was  the  early 
evident  reaction  of  the  endothelial  cells  lining  it.  They  readily 
became  swollen,  and  frequently  multiplied.  Apart  from  this,  the 
reaction  was  often  slight,  but  in  the  capsule  itself  hyaline  swelling 
could  be  detected  in  the  earlier  cases,  and  the  membrane  was  noticed 
in  some,  swollen  up  and  fibrillated,  having  a  laminated  appearance, 
with  distinct  nuclei  between  the  fibres.  Fatty  change  would  appear 
to  occur  in  some  of  these  fibrils.  The  glomerular  epithelium  showed 
no  constant  reaction.  In  addition  to  no  thrombosis,  no  obstructive 
vascular  changes  could  be  matle  out  to  account  in  any  way  for  such 
reaction  as  was  present. 

With  regard  to  the  tubular  structure,  the  relative  degree  of 
vulnerability  of  the  different  tubules  is  found  to  correspond  to  that 
seen  in  acute  toxic  poisoning.  The  secreting  tubules  show  early 
evidence  of  necrobiotic  change,  but  no  actual  necrosis  occurs ;  a  fatty 
metamorphosis,  which  is  preceded  by  a  granular  swelling  of  the 
protoplasm  of  the  cell,  is  early  and  very  constantly  seen  in  tlie 
ascending  looped  tubules  and  convoluted  tubules.  In  (certain  cases 
tliis  would  appear  to  be  due  to  direct  pressure  from  without,  but  in 
others  it  can  only  be  due  to  the  direct  action  of  a  toxin. 

The  loops  of  Henle  are  most  vulnerable,  and  there  is  evidence 
that  obstruction  of  the  blood  supply  to  the  glomerular  unit  plays 
little  or  no  part  in  producing  this  change.  In  aonie  of  the  acute 
cases  tube  casts  of  an  albuminous  nature  are  noticed. 

The  interstitial  tissue  show.s,  in  the  early  cjisoa,  evidence  of  acute 
interstitial  nepliritis  cliaracteriscd  by  tlio  accumulation  of  lymphocyte- 
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like  cells,  especially  iu  the  boundary  zone,  and  radiating  iu  zones  around 
the  interlobular  vessels,  and  extending  for  a  varying  distance  into  the 
cortex.  These  cells  are  in  the  earlier  stages  almost  entirely  polylilasts 
and  plasma  cells ;  later,  however,  they  have  interspersed  throughout 
them  larger  cells  of  endothelial  and  connective-tissue  origin.  They 
surround  many  of  the  glomeruli,  and  are  interspersed  through  the 
tubules.  At  three  days  this  appearance  is  evident  (Plate  XLIII.  Fig.  4, 
Plate  XLVI.  Figs.  2 1  and  22).  The  formation  of  fibrous  tissue  takes  place, 
following  the  lines  of  the  interlobular  vessels  towards  the  surface. 
The  creation  of  this  is  brought  about  by  the  organisation  of  the 
inflammatory  exudate,  of  which  the  small  cells  form  part,  in  the 
customary  manner.  It  compresses  the  adjacent  tubules  and  glomeruli. 
The  characteristic  feature  is,  however,  well  noticed  in  the  manner, 
in  which  for  a  long  time  the  process  is  entirely  periglomerular,  and 
only  in  its  later  stages  does  invasion  occur,  and  fibroid  glomeruli 
become  produced,  which  may  now  be  associated  with  tubular  degenera- 
tion from  an  avascular  cause ;  this,  however,  is  not  at  all  evident. 

These  are  the  main  features  of  the  changes  as  they  are  found  in 
the  kidney.  I  do  not  propose  to  discuss  them  in  reference  to  the 
bearing  they  have  upon  the  work  that  has  been  done  on  this  subject. 
A  few  points  may,  however,  be  alluded  to.  The  site  of  the  primary 
interstitial  lesion  in  this  disease,  as  pointed  out  by  Greenfield  (1879), 
iu  contradistinction  to  that  in  the  atrophic  Iddney,  is  found  in  the 
deeper  part  of  the  cortex,  adjacent  to  the  boundary  zone.  He  also 
was  the  first  to  emphasise,  in  1879,  the  further  attention  which  the 
study  of  this  disease  then  required.  This  investigation  has  also  borne 
out  another  point  referred  to — the  early  reaction  of  the  endothelium 
lining  of  Bowman's  capsule,  and  the  similarity  of  its  behaviour  to  that 
of  the  endothelium  adjacent  to  an  inflammatory  focus  in  the  process  of 
repair.  The  lymphoid  nodes  which  have  been  so  constantly  described 
iu  this  disease,  and  more  especially  liy  Councilman — in  the  acuter  form 
of  scarlatinal  nephritis,  are  here  also  distinctive.  The  evidence  would 
strongly  bear  out  that,  as  this  observer  and  others  maintain,  they 
consist  (to  a  large  extent)  of  plasma  cells,  under  which  category  is 
included,  by  most  observers,  cells  which  Maximow  would  differentiate 
into  polyblasts.  These  would  appear  to  have  emigrated  from  the 
blood  stream  and  undergone  a  further  metamorphosis.  I  have  not, 
however,  seen  evidence  of  these  locally  increasing  iu  numbers  by  cell 
division.  There  has  not  been  seen  in  this  investigation  any  evidence 
of  these  cells  acting,  to  an)'  appreciable  extent,  as  phagocytes ;  their 
function  here  would,  however,  appear  to  be  very  similar  to  that  which 
they  fulfil  iu  the  former  situations  in  which  we  found  them. 

The  results  of  the  above-described  investigation  were  communicated 
to  the  Pathological  Society  of  Great  Britain  and  Ireland  iu  July  1907. 
Since  that  date  another  animal  has  been  killed.  It  was  a  young 
fox-terrier   10    months  old  when    inoculated  A\  months  prior  to  its 
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death.  In  it  the  tumours  developed  and  then  gradually  disappeared. 
When  killed  the  animal  appeared  in  good  health.  The  kidneys, 
however,  showed  advanced  subacute  interstitial  nephritis  similar  to 
several  already  described.  This  last  case,  in  my  opinion,  establishes 
the  fact,  beyond  the  possibility  of  question,  that  the  renal  changes 
were  caused  by  the  action  of  a  virus  produced  by  the  infective  sarcoma. 
This  has  also  been  further  borne  in  upon  me,  as  I  have  examined  for 
the  purpose  of  control  kidneys  of  dogs  which  have  died  from  various 
causes. 


XII.  The  Eelationship  of  Infective  Sakcoma  to  Cancer. 

As  one  would  natu.rally  expect  to  find  from  what  has  been  seen 
of  the  nature  of  this  disease,  certain  diversities  of  opinion  exist  in 
regard  to  the  relationship  it  possesses  to  a  true  malignant  neoplasm, 
such  as  sarcoma  as  it  occurs  in  man.  We  have  already  seen  how  it 
possesses  a  histological  structure  which,  in  my  opinion,  is  identical 
with  that  of  a  true  alveolar  sarcoma,  and  how  this  opinion  is  in 
conformity  with  that  of  virtually  all  those  who  have,  more  especially 
in  the  last  few  years,  investigated  the  disease,  with  this  reservation, 
that  some  would  designate  it  a  round- celled  sarcoma  and  others  a 
lymphosarcoma.  Beebe  and  Ewing,  in  speaking  of  it,  describe  it  as 
an  infective  lymphosarcoma,  but  come  to  the  conclusion  that  the 
geuei-al  histological  characters  suggest  to  them  more  the  diagnosis  of 
alveolar  sarcoma  or  endothelioma,  although  they  have  failed  to 
determine  the  particular  tissue  cell  giving  rise  to  the  tumour.  The 
main  source  of  origin  of  the  tumour  cells  formed  in  the  tissues  of  the 
host  after  artificial  inoculation  we  have  seen  to  be  from  connective- 
tissue  cells,  although  some  undoubtedly  arise  from  endothelial  cells, 
and  thus  their  latter  conclusion  has  some  evidence  in  support  of  it. 
My  objections,  however,  to  the  use  of  the  term  endothelioma  to 
describe  the  tumour  from  its  histological  appearance  are,  that  this  is 
not  to  any  great  extent  the  main  source  of  origin  of  its  cells,  and  the 
term  endothelioma  has,  to  my  mind,  become  of  late  the  Cave  of 
Adullam,  for  the  terminological  designation  of  so  many  new  growths. 
Those  wiio  have  worked  at  this  disease  are  fortunate  in  one  respect, 
in  that  Sticker  (1005)  has  been  able  to  obtain  specimens  of  the 
tumours,  studied  by  Welir,  Geissler,  Smith  and  Washbourn,  Sanfelice, 
and  Basliford,  and,  on  submitting  them  with  his  own  to  a  large  number 
of  German  pathologists,  found  that  they  all  were  of  tlie  opinion  that 
the  lesions  were  identical,  and  of  tlie  nature  of  a  round-celled  sarcoma. 
This  state  of  alVairs  would  help  to  emphasise  a  point  that  is  sometimes 
overlooked  by  some  clinicians,  that  the  diagnosis  of  a  neoplasm  is  not 
always  po.ssiblc  from  the  histological  examination  aloue,  and  would 
also  be  evidence  in  favour  of  the  importance  of  avoiding  the  divorce 
of  patliology  from  clinical  work. 
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Atjainst  it  being  a  true  malignaut  neoplasm  the  workers  of  the  Im- 
perial Cancer  Eesearch  Laboratory  advance  the  following  arguments  : — ■ 

1.  Its,  invariable  infective,  history. — This  certainly  is  a  point 
worthy  of  consideration ;  but  in  connection  with  it,  although  most 
pathologists  will  readily  concede  that  the  vast  majority  of  those  lesions 
classified  under  the  generic  term  of  cancer  or  malignant  neoplasms 
do  not  infect,  we  have  here  one  in  which  it  is  especially  easy  to  trace 
the  tumours  formed  to  a  definite  source  of  contagion,  from  the  nature 
of  the  act  during  which  that  occurs.  This  point  is  well  illustrated  by 
the  comparison  of  the  venereal  and  non-venereal  warts,  which  are 
found  growing  from  various  epithelial  surfaces  of  the  human  body. 
Cathcart  has  definitely  proved  that  venereal  warts,  which  are  accepted 
by  most  pathologists  as  a  variety  of  tumour,  are  contagious  and 
independent  of  local  irritation,  although  often  associated  with  the 
presence  of  gonorrhoea ;  whereas,  on  the  other  hand,  it  has  been 
extremely  difficult  to  prove  that  non-venereal  cutaneous  warts  are 
also,  in  certain  cases  at  least,  contagious.  The  case  described  by 
Payne  (1891),  in  which  he  accidentally  inoculated  himself  from  a 
boy  who  had  a  copious  eruption  of  these,  proves  conclusively  that  this 
can  occur.  Other  illustrations  might  be  cited  to  elaborate  this  point. 
Before,  however,  I  leave  it  I  may  be  allowed  to  quote  the  words  used 
by  Ohlmacher  (1901)  in  speaking  of  the  suspected  origin  of  true 
lymphoma :  "  We  cannot  be  too  critical  regarding  this  type  of 
neoplasm,  for  if  we  are  to  eliminate  those  tumours  in  which  an 
infective  cause  is  suspected,  and  retain  as  true  tumours  only  those  in 
which  an  embryonic  or  non-infective,  post-natal,  causal  infiuence  can 
be  proved,  then  it  will  appear  in  goodly  company." 

2.  The  transformation  of  the  surrounding  connective-tissue  cells  into 
tumour  cells,  even  at  the  surface  of  fully  developed  tumours. — That 
this  occurs  in  certain  cases  is,  in  my  opinion,  correct ;  but  the 
limited  extent  to  which  it  is  present  may  well  be  realised  when 
such  competent  observers  as  Sticker  (working  under  the  direction  of 
such  a  master  of  pathological  research  as  Ehrlich),  and  Beebe  and 
Ewing,  will  not  concede  that  it  occurs.  In  answer  to  this  criticism 
I  would  maintain  that  he  who  would  claim  to  be  able  by  microscopical 
examination  of  the  histological  structure  of  a  fully  developed  sarcoma 
alone,  to  be  so  certain  that  infection  of  the  surrounding  connective- 
tissue  cells  never  occurs,  as  to  base  upon  this  observation  the  tenet 
that  the  absence  of  infection  was  an  invariable  feature  of  all  malignant 
neoplasms,  is  claiming  for  his  powers  of  observation  a  degree  of  accuracy 
that  few  will  concede  to  him. 

3.  The  process  which  occurs  in  artificial  transmission  is  identical 
with  tliose  by  which  tumour  masses  are  formed  as  a  result  of 
inoculation  with  the  tubercle  or  glanders  bacillus.  This  has  been 
discussed  fully  already.  Points  of  resemblance  do  exist,  and  tlie  deep 
underlying    process    is,  in    many  respects,  similar.     The    analogy   is, 
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however,  an  unfortunate  one,  and  it  remains  still  to  be  proven,  iu 
what  respects  it  dififers  from  that  which  would  occur  in  the  creation 
of  a  true  sarcoma. 

4.  The  disease  never  occurs  naturally  in  animals  iefore  sexual 
maturity,  and  is  much  less  frequent  in  old  age.  One  would  naturally 
expect  this  from  tlie  source  of  infection — contagion  during  copulation. 

5.  The  last  point  raised  by  them  is  the  most  important.  The 
process  is  definitely  infective,  in  marked  contrast  to  the  changes  which  lead 
to  the  establishment  of  ne'w  tumours  ivhc?i  a  true  malir/nant  new  growth 
is  successfully  transjdanted. 

We  have  already  seen  how,  in  my  opinion,  the  origin  of  the  new 
tumour  after  inoculation  is  not  entirely  infective ;  but  granted,  what 
is  probable,  that  this  is  the  sole  explanation  of  the  origin  of  the 
sporadic  tumours,  one  has  certain  criticisms  to  offer,  as  it  raises  a 
point  of  great  importance  in  connection  with  the  nature  of  true 
malignant  neoplasms.  It  is  referred  to  by  Beebe  and  Ewing  (190G) 
when  they  say,  that  all  arguments  in  favour  of  this  being  a  neoplasm 
prove  fatally  defective  if,  on  transplantation,  the  tumour  cells  grow 
by  infection  of  other  cells.  This  is,  iu  their  opinion,  the  crucial  test 
of  an  infective  granuloma  as  against  a  neoplasm.  Now,  on  what 
evidence  is  the  contention  based,  that  all  malignant  neoplasms  grow 
from  a  single  primary  focus,  have  the  power  of  apparent  unlimited 
growth,  and  always  graft  when  successfully  inoculated ;  and  what  are 
the  justifications  for  Fisch's  remark  when,  in  reviewing  the  progress 
of  work  on  cancer  research  during  the  year  that  is  past,  supporting 
Bormaun  (1907)  he  says,  "one  of  the  main  questions  in  the  cancer 
problem  is,  to  the  impartial  mind,  settled  ?  Tumours  grow  from  the 
beginning  through  the  multiplication  of  their  own  substance,  destroy 
surrounding  tissue  iu  various  ways,  but  never  change  it  to  tumour 
tissue." 

The  evidence  in  favour  of  the  above  contentions  has  been  mainly 
obtained  from  the  study  of  cancer  by  means  of  experimental  investiga- 
tion, in  the  course  of  which  thousands  of  tumours  liave  been  inoculated 
into  animals  of  the  same  and  difterent  species,  with  a  result  which  has 
iu  virtually  every  case  proved  negative.  In  the  carcinoma  wliich  occurs 
in  mice,  originally  investigated  and  described  by  Jensen,  this  was  not 
the  case,  as  he  was  successful  in  inoculating  it  into  otlier  animals  of 
the  same  species,  and  proved  that  the  tumours  formed  were  derived 
from  the  cells  introduced.  This  tumour  and  others  similar  to  it  have 
been  most  carefully  investigated  by  Ehrlich  (lOOC),  Bashford  (1905), 
Borrel  (190r.),  Gaylord  (1906),  and  Clowes  (1906),  and  through  the 
generosity  of  I'rofessor  Jensen  I  have  also  been  aflbrded  the  oppor- 
tunity of  studying  its  characters  of  experimental  inoculation. 

Briefly,  the  main  facts  concerning  this  tumour  upon  which  tlie 
experimental  investigation  of  cancer  has  been  virtually  entirely  based 
in   recent  years  are  as  follow  :      Tlie   tunnnir   is  one  which  occurs  in 
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the  subcutaneous  tissue  of  mice.  The  discovery  of  a  sporadic  tumour 
is  au  event  of  rare  occurrence,  but  when  it  is  found  it  can,  in  contra- 
distinction to  other  known  malignant  epithelial  new  growths,  be 
readily  inoculated  into  animals  of  the  same  species.  Clinically  and 
pathologically,  this  tumour  is  accepted  by  virtually  all  competent 
observers  to  be  in  all  respects  homologous  with  carcinoma  as  it  occurs 
in  man.  It  is  looked  upon  by  some  as  an  adeno-carcinoma  of  the  skin  ; 
by  others  as  a  mammary  tumour.  No  evidence  of  spontaneous 
infection  has  been  absolutely  proven  to  occur,  although  Gay  lord  (1906) 
reports  the  occurrence  of  upwards  of  sixty  sporadic  tumours  during 
three  years,  in  animals  kept  in  the  same  cage,  the  stock  of  animals 
being  entirely  renewed  at  least  on  one  occasion,  and  Borrel  has 
succeeded  in  tracing  twenty  sporadic  tumours  to  animals  all  of  which 
came  from  the  same  cage. 

The  percentage  of  successful  inoculations  varies.  It  is  usually 
low  at  first,  in  succeeding  generations  this,  however,  rises,  and  may 
reach  as  high  as  90  per  cent.  After  introduction  in  a  successful  case 
there  soon  develops  a  tumour  which  grows  rapidly,  occasionally 
produces  metastatic  foci,  and  usually  leads  to  the  death  of  the 
animal.  In  a  certian  percentage  of  cases  spontaneous  recovery  occurs, 
which  renders  the  animal  immune  to  subsequent  inoculation.  Ehrlich 
(190  6)  and  Clowes  (1906),  who  have  studied  the  problem  of  this 
immunity,  have  found  that  they  can  render  mice,  which  have  not  been 
successfully  inoculated,  immune  against  the  disease  by  various  methods. 
Ehrlich  has  also  found  that  the  nature  of  the  tumom-s  may  be  altered 
by  repeated  inoculations.  In  tumours  of  a  rapidly  growing  strain  he 
has  been  able  by  this  means  to  make  an  adeno-carcinoma  become  a 
typical  sarcoma,  a  change  which  he  attributes  to  an  irritative  effect 
exerted  by  the  cancer  cells  upon  the  cells  of  the  stroma  causing 
these  mesodermic  cells,  whose  proliferative  activity  has  been  so  greatly 
augmented  by  repeated  inoculations  to  grow  luxuriantly  and  inde- 
pendently like  cancer  cells. 

The  parenchyma  of  the  tumour  which  develops  after  inoculation 
was  proved  by  Jensen  to  arise  from  the  cells  introduced,  and  this  fact 
is  now  accepted  by  all. 

The  fate  of  the  stroma  introduced  is,  however,  not  considered  by 
all  to  be  the  same. 

Bashford  says :  "  The  stroma  intnuluced  at  inoculation  undergoes 
degeneration,  and  is  replaced  by  supporting  structures  derived  entirely 
from  the  tissue  of  the  host." 

Apolant  and  Ehrlich  (1906),  working  with  tumours  similar  in 
structure,  but  mostly  of  a  more  virulent  strain,  agree  with  the  well 
known  observation  that  "  frequently  in  cancer  transplantations  the 
coiniective-tissue  stroma  inoculated  with  it  undergoes  atrophy,  but  the 
mesotlermic  cells  of  the  tumours  formed  are  derived  from  those  of  the 
sporadic  growth." 
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Now,  although  I  do  not  in  any  way  desire  to  belittle  the  value 
of  the  facts  concerning  cancer,  and  the  cancer  process  brought  out  by 
the  study  of  the  tumours  in  mice,  I  refuse  to  attach  that  importance 
to  them  which  those  would  who  appear  to  endeavour  to  make  this 
mouse  cancer  the  Mecca  to  which  all  devout  pilgrims  to  the  shrine  of 
cancer  research  must  journey  for  the  true  faith,  demanding  that  what- 
ever would  claim  to  be  cancer  must  conform  in  every  particular  to 
Jensen's  tumour. 

Especially  would  I  refuse  to  grant  that  it  is  necessary  for  all 
sarcomata  to  conform  to  this  standard  in  every  respect  before  they 
can  be  accepted  as  true  malignant  neoplasms,  when  I  find  that  the 
only  reported  cases  of  successful  inoculation  with  sarcomata  had  a  histo- 
genesis identical  with  that  described  by  me  as  occurring  in  this  disease. 

Von  Eiselberg  (1904-05),  Velich  (1898),  and  Loeb  (1902)  have 
all  reported  cases  of  successful  inoculation  with  sarcomata.  The  last  of 
these  did  a  large  number  of  experiments  with  a  sarcoma  of  the  white  rat. 
He  carried  it  through  about  forty  generations.  He  also  worked  with 
other  cases  of  sporadic  sai'comata  in  the  same  animal,  and  obtained  a 
similar  facility  in  them  for  successful  inoculation.  The  difficulties  he 
encountered  of  determining  the  true  nature  of  the  process  by  which 
tumours  were  created  were  very  much  akin  to  those  encountered  by  me 
in  the  dog.  A  mingling  of  cells  derived  from  two  sources  occurred,  and 
tumours  were  created  by  a  grafting  of  cells  of  the  portion  introduced, 
along  with  a  process  of  associated  infection.  In  many  other  respects 
his  tumours  were  similar  to  infective  sarcoma  as  it  occui's  in  the  dog, 
and  with  it  the  vexed  question  also  arose  as  to  whether  it  was  a  true 
sarcoma  or  infective  granuloma.  In  his  opinion  it  was  a  true  sarcoma. 
Under  these  circumstances  I  consider  we  are  justified  in  withholding 
our  opinion  as  to  whether  true  sarcoma  do  or  do  not  infect,  and  if 
the  power  the  cancer  cell  is  claimed  to  possess  of  apparent  limitless 
propagation  (which  is  the  bedrock  of  the  cytological  school  of  cancer 
research)  is  disregarded,  the  comparison  between  the  behaviour  of 
Jensen's  adeno-carcimona,  as  will  have  been  already  n:ade  out,  and 
that  of  infective  sarcoma  is  most  striking, — both  possess  a  histo- 
logical structure  identical  to  that  of  malignant  neoplasms,  and  can  be 
propagated  with  great  facility  by  inoculation  into  animals  of  the  same 
species,  and  by  this  means  malignant  neoplasms  with  secondary  foci 
of  the  disease  may  be  created.  In  both  resorption  and  disappearance 
of  the  tumours  may  occur,  and  in  each  case  this  is  followed  by  the 
establishment  of  immunity.  In  Jensen's  tumour  there  is  evidence  in 
favour  of  the  transference  of  the  disease  by  contagion.  In  infective 
sarcoma  this  is  the  constant  mode  by  which  the  disease  is  communicated. 
If  we  look  at  some  of  tiie  features  we  liave  noticed  in  the  tumours 
we  have  examined  some  further  evidence  as  to  the  nature  of  the 
disease  may  he  obtained.  In  my  opinion  the  strongest  evidence  so 
far  brought  forward  iu  favour  of  its  being  an  infective  granuloma  is 
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the  establishment  of  the  fact  that  in  infective  sarcoma  a  toxin  is 
created  which  leads  to  the  production  of  interstitial  nephritis.  No 
proof  is  forthcoming  that  in  true  sarcomata  any  such  virus  causing 
similar  changes  is  created,  although  these  naturally  have  been  noticed 
to  be  present  in  some  cases.  This  is  a  subject  which,  I  would  suggest, 
is  worthy  of  investigation,  as  it  is  quite  within  the  range  of  possibility 
that  slight  manifestations  of  renal  inflammation  might  be  detected, 
with  a  regularity  which  would  warrant  the  assumption  that  they  were 
caused  by  the  presence  of  the  neoplasm,  and  were  not  mere  accidental 
coincidences.  The  cachexia  which  accompanies  the  development  of 
true  neoplasms  is  undoubtedly  due  in  most  cases  to  a  contemporaneous 
toxic  absorption  from  an  associated  ulceration  or  interference  with 
alimentation ;  there  are,  however,  cases  in  which  it  would  appear  to  be 
due  to  the  absorption  of  a  poison  produced  by  the  new  growth,  but 
this  has  never  been  isolated  or  definitely  proved  to  exist. 

The  presence  of  lymphocytes  and  their  derivatives  throughout  the 
tumour,  which  was  noticed  at  certain  stages  of  its  growth,  and  the 
accumulation  of  these  cells  forming  extravasciilar  accumulations 
beyond  its  extending  border,  occurs  in  true  malignant  neoplasms. 
This  is  found  apart  from  any  associated  ulceration.  In  a  true  neoplasm 
this  appearance  is  not  uncommon,  and  I  have  seen  it  in  an  alveolar 
sarcoma  removed  by  operation  from  a  human  being,  which  also 
illustrates  the  similarity  of  its  histological  structure  to  that  which 
is  seen  in  the  dog.  No  satisfactory  explanation  of  the  presence  of 
these  cells  in  human  sarcoma  is  so  far  forthcoming,  and  I  am  unable 
to  find  any  record  of  a  progressive  lymphocytosis  being  a  feature  of 
such  cases. 

The  spontaneous  recovery  which  was  found  so  frequently  with 
tumoui's  following  subcutaneous  inoculation  is  in  accordance  with  that 
seen  with  Jensen's  adeno-carcinoma.  The  ratio  of  these  has  varied 
materially  in  the  experience  of  different  workers.  We  have  seen 
how,  in  the  animals  inoculated  in  the  course  of  this  investigation,  it 
would  probably  have  been  high  if  they  all  had  been  allowed  to  live. 

Sticker  had  eighteen  recoveries  out  of  sixty  cases.  The  number 
of  animals  in  which  this  occurs  after  natural  infection  is  very  much 
lower.  It  does,  however,  very  occasionally  take  place.  Spontaneous 
recovery  after  the  development  of  a  true  malignant  neoplasm  in  man, 
has  been  recorded  by  Orth  (1904),  Gaylord,  and  Clowes  (6.  1906), 
and  others,  more  especially  with  sarcomata,  but  it  is  difficult  in  these 
to  exclude  all  possibility  of  fallacy. 

The  immunity  which  exists  after  the  disappearance  of  the 
growths  is  in  conformity  with  that  found  with  the  adeno-carcinoma 
of  the  mouse.  The  existence  of  this  with  true  malignant  neoplasms 
is,  of  course,  incapable  of  demonstration ;  but  it  is  in  accordance  with 
what  one  would  expect  to  be  present  in  the  tissues  of  an  organism, 
which  has  been  able  to  overcome  a  similar  previous  infection. 
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The  production  of  secondary  foci  of  the  disease  by  metastatic 
infection  by  way  of  the  blood  stream  has  been  noticed  in  one  of 
the  cases.  The  secondary  foci,  however,  did  not  show  all  the  chai-ac- 
teristics  one  would  expect  to  see  with  the  development  of  these  from 
a  single  primary  focus. 

A  consideration  of  the  characteristics  of  infective  sarcoma  and  a 
comparison  of  these  with  those  of  true  malignant  neoplasms,  will  show 
that  it  is  a  condition  which  in  certain  important  features  differs  from 
the  majority  of  malignant  uew  growths.  In  no  one  prominent  trait  can 
it,  however,  be  said  to  differ  from  all  of  those  morbid  processes  which 
are  at  present  included  imder  the  vague  generic  term  of  Cancer, 
Neoplasm,  or  New  Growth.  The  differences  are  mainly  in  features 
which  are  assumed,  but  have  not  been  proved  to  be  absent  in  all  true 
neoplasms.  Thus  the  ease  with  which  its  origin  can  be  traced  to  a 
definite  process  of  contagion  is  a  point  in  which  it  differs  from  the 
vast  majority  of  the  new  growths  met  with  in  man.  The  fact  that 
it  is  one  where,  combined  with  a  local  lesion,  a  toxin  is  created,  and 
that  we  have  been  able  to  find  definite  inflammatory  changes  produced 
through  the  body,  with  other  evidences  of  a  general  reaction,  inclines 
one  to  the  belief  that  we  have  here  a  disease  which  approximates  in 
its  natm-e  to  certain  of  the  infective  granulomata,  such  as  syphilis. 
Its  local  lesion,  however,  resembles  true  sarcomata  in  histological 
structure  and  clinical  characteristics.  I  would  prefer,  therefore,  to 
describe  it  by  the  term  by  which  it  has  been  known.  Infective  Sarcoma, 
a  venereal  disease,  and  to  consider  it  a  tumour  belonging  to  the 
borderland  between  the  infective  granulomata  and  the  true  neoplasms, 
one  which  probably  in  the  near  future  will  be  added  to  the  group  of 
processes  caused  by  a  reaction  of  the  tissues  to  a  living  virus,  but  one 
in  which  that  virus  is  intra-  and  not  extracellular,  and  the  leading 
characteristic  of  which  is  the  creation  by  this  means  of  a  structure 
resemliling  a  true  neoplastic  new  growth. 

XIII.   Final  Conclusions. 

The  conclusions  concerning  the  nature  of  infective  sarcoma  whicli 
have  been  arrived  at  as  a  result  of  this  investigation  are — 

1.  That  infective  sarcoma  is  a  general  disease  characterised  by 
the  production  of  a  local  lesion  possessing  the  histological  structure 
of  an  alveolar  sarcoma. 

2.  That  it  is  caused  by  an  intracellular  virus  conveyed  by 
contagion  from  a  li\'ing  cell  to  a  living  cell. 

3.  That  the  tumours  formed  after  natunil  infection  probably 
consist  of  cells  derived  entirely  from  the  tissues  of  the  host. 

4.  That  the  nature  of  the  virus  cannot  be  detected,  and  (n)  c;inuot 
be  revealed  Ijy  any  method  of  staining  ;  (6)  does  not  jiass  tln-ougli  ii 
lierkefeld    filter ;    (c)    is   juobahly   not   an    ultra-microscojiical   micro- 
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organism  ;   (iV)  cannot  be  isolated    apart   from   the   tumour ;   (f)  is  not 
a  spirocluete. 

5.  That  the  disease  can  be  reproduced  readily  by  subcutaneous 
inoculation  into  animals  of  the  same  species. 

6.  That  by  the  same  method  it  can  be  reproduced  in  the  fox. 

7.  That  the  tumours  following  subcutaneous  inoculation  are  created 
from  the  cells  introduced ;  some  of  tliese  live,  and  by  a  process  of  direct 
contagion  lead  to  the  formation  of  additional  tumour  cells  from  the 
connective-tissue  cells  of  the  host. 

8.  That  it  grows  by  multiplication  of  the  cells  thus  formed, 
combined  with  a  limited  formation  of  additional  tumour  cells  from 
the  tissues  of  the  host. 

9.  That  this  latter  ceases  with  the  development  of  the  power  of 
increased  resistance  on  the  part  of  the  host,  and  a  capsule  is  thus 
formed  around  the  tumour. 

10.  That  the  tumours  disappear  by  gradual  cytolysis  associated  with 
the  presence  of,  and  probably  caused  by,  lymphocytes  and  polyblasts. 

11.  That  the  growth  of  the  tumour  is  accompanied  by  a  gradual 
increase  in  the  number  of  mononucleated  cells  in  the  circulation. 

12.  That  immunity  follows  spontaneous  recovery. 

13.  That  this  is  brought  about  by  a  similar  process  occupying  a 
much  shorter  duration  of  time — a  cytolysis  of  the  tumour  cells 
accompanied  by,  and  pi-obably  arising  from,  the  presence  of 
lymphocytes  and  polyblasts. 

14.  The  growth  of  the  tumour  is  associated  with  the  development 
of  a  toxin  which  can  be  isolated  from  it  by  filtration  and  produces 
interstitial  nephritis. 

15.  That  the  results  of  this  investigation  emphasise  the  present 
unsatisfactory  classification  of  neoplasms  which  include  a  heterogeneous 
collection  of  pathological  processes,  and  indicate  the  probability  that, 
in  the  near  future,  a  differentiation  will  be  possible  of  processes  that 
are  really  neoplastic  from  those  that  are  merely  reactive  attempts  by 
the  host  against  an  invading  virus. 

The  experimental  part  of  this  research  was  conducted  in  tlie 
Laboratory  of  the  Eoyal  College  of  Pliysicians,  to  the  President  and 
Fellows  of  which  College  I  desire  to  express  my  indebtedness  for  the 
opportunity  thus  afforded.  The  histological  portion  was  carried  out 
in  the  Laboratory  of  the  Eoyal  College  of  Surgeons ;  to  the  rresidont 
and  Felh)ws  of  that  College  I  owe  a  similar  debt  of  gratitude. 

I  desire  also  to  express  my  great  indebtedness  to  Professor  llobert 
Muir  and  Dr.  George  Lyon  for  the  generosity  with  whicli  they  have 
so  fi-equently  given  me  their  opinions  and  advice  on  many  of  the 
difficult  problems  raised  in  the  course  of  the  investigation. 

I  have  to  thank  Dr.  Graham  for  tlie  assistance  he  gave  me  in  the 
daily    examination    of    the    blood,    and     ^fr.    Kidiard    Aluir.    of    tlie 
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Pathological  Department  of  the  University  of  Edinburgh  for  the 
illustrations  he  has  made  for  me,  with  his  customary  skill  and 
accuracy. 
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DESCRIPTION  OF  PLATES. 
Pi.ATi-  .XLII. 


-Nodulo  removed  after  eighteen  hours.  Showing  portion  of  tumour  introduceil 
and  adjacent  tissue  of  host.  Intimate  union  between  the  two.  Noorotie 
tumour  tissue.  The  tumour  formation  area.  The  adjacent  areolar  tissue  of 
the  host  in  which  the  formation  of  additional  tumour  cells  is  occurring. 
(X  100,  E.Mb.) 
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Fig.  2. — Ifodule  removed  after  eighteen  hours.  Showing  the  line  of  junction  of  the 
portion  introduced  and  tlie  tissue  of  the  host.  The  tumour  formation  area, 
consisting  of  healthy  tumour  cells.  Two  in  mitosis.  Within,  this  degenerate 
tumour  tissue  invaded  by  leucocytes.  On  its  outer  aspect  the  margin  of  the 
adjacent  areolar  tissue  with  the  formation  of  tumour  cells  from  hbroblasts  and 
endothelial  cells.  Polymorphonuclear  leucocytes.  Polyblasts.  Fibrin, 
(x  600,  P.R.lIg.) 

Pl.\tk  XLIII. 

Fig.  3. — Disappearing  nodule,  one  lumdred  and  eighteen  days.  Showing  the  characteristic 
appearance  in  the  centre  of  the  nodule.  Tumour  cells  swollen,  vacuolated, 
and  degenerated.  Lymphocytes  small  dark.  Polyblasts  and  plasma  cells, 
bright   red.     (x  600,  P.R.Mg.) 

Fig.  4. — Kidney  inoculation  experiments,  three  days.  Showing  accumulations  of  lympho- 
cyte-like cells  radiating  through  the  cortex  along  the  couree  of  the  inter- 
lobular arteries,  and  infiltrating  the  adjacent  interstitial  tissues.  (  x  200, 
E.Mb.) 

Plate  XLIV. 

Fig.  5.  — Natural  tumour,  Case  1.  Showing  tumour  covered  by  healthy  vaginal  epithelium. 
Invasion  of  the  adjacent  subcutaneous  vessels.  Extravascular  accumulation 
of  lymphocytes  and  polyblasts  beyond  the  outer  border  of  the  tumour. 
(X  300.) 

Fig.  6 — Inoculation  tumour.  Second  generation,  first  series.  Showing  structure  of 
tumour.     (  X  300. ) 

Fig.  7. — Inoculation  tumour.  Second  generation,  first  series.  Secondary  nodule  in 
intestine.    Showing  nodule  adherent  to  and  invading  muscular  coat,     (x  12.) 

Fig.  S. — Inoculation  tumour.  Second  generation,  first  series.  Suprarenal  glaml. 
Showing  tumour  cells  invading  the  suprarenal  cortex.     (  x  300. ) 

Fig.  9. — Photo  of  inoculation  tumour.  Fifth  generation,  second  series.  Showing  skin 
and  subcutaneous  tissue,  with  four  nodules,  two  on  section  and  two  uncut. 

Fig.  10. — Nodule  in  subcutaneous  tissue,  twenty-four  hours  after  inoculation,     (x  10.) 


Fig.  11. — Inoculation  tumour,  eight  days.  Showing  invasion  of  adjacent  areolar  tissue  and 
the  formation  of  additional  tumour  cells  from  this.     (  x  500.) 

Fig.  12. — Inoculation  tumour,  fifteen  days.  Showing  invasion  of  adjacent  fibrous  tissue 
tumour  cells,  extending  along  the  extravascular  planes    (  x  45. ) 

Fig.  13. — Inoculation  tumour,  twenty-two  days.  Showing  structure  of  tumour  and 
lymphatic  capillary  containing  lymphocytes,     (x  150.) 

Fio.  14. — Inoculation  tumour,  twenty-two  days.  Showing  formation  of  capsule  with 
fibroblast  at  outer  border  of  tumour  in  mitosis.     (  x   100.) 

Fig.  15. — Inoculation  tumour,  disappearing  nodules,  one  hundred  and  eighteen  days. 
Showing  situation  and  structure  in  subcutaneous  tissue.     (  x  10.) 

Fig.  16. — Iiioculntion  tumour,  disap|>caring  nodules,  one  hundred  and  eighteen  days. 
Showing  laminated  cjipsule,  consisting  of  layers  of  fibrous  tissue  with 
islands  of  degenerating  tumour  cells,  and  polyblast  botweon.     (  x   75.) 
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Plate  XLVI. 

Fig.  17. — Kidney,  filtration  experiment,  No.  1.  .Showing  oells  present  in  the  interstitial 
tissue.     {  X   50. ) 

Fk;.  is. — Kidney,  filtration  experiment.  No.  1.    Showing  pcriglomerular  change,    (x  300.) 

Fig.  19. — Kidney,  filtration  experiment,  No.  2.  Showing  advanced  interstitial  nephritis. 
(X  40.) 

Fig.  20. — Kidney,  filtration  experiment.  No.  2.  Sliowing  formation  of  periglomenilar 
fibrous  tissue.  Thickening  and  endothelial  proliferation  of  Bowman's  capsule, 
(x   300.) 

Fig.  21. — Kidney,  inoculation  tumour,  three  days.  Showing  cells  present  in  interstitial 
tissue,  mainly  polyblasts  and  lymphocytes,     (x  400.) 

Fig.  22. — Kidney,  inoculation  tumour,  three  days.  Showing  pcriglomerular  changes. 
(x  200.) 
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THE  SPECIFICITY  AND  POTENCY  OF  ADRENOLYTIC 
AND  THYMOLYTIC  SERA.^ 

By  W.  T.  EiTCHiE. 

From  the  Laboratory  of  the  Roijal  College  of  Fhysicians  of  Edinhurgh. 

A  H/EMOLYSIN  being  a  complex  body,  of  which  the  two  constituents 
are  (a)  a  thermostable  hajmolytic  immune  body,  and  (i)  theruiolabile 
complement,  haemolysis  may  be  regarded  as  the  manifestation  of  the 
toxic  action  of  complement  upon  red  blood  corpuscles  which  liave  been 
sensitised  by,  or  subjected  to  the  influence  of,  the  appropriate 
htemolytic  immune  body. 

Many  investigations  have  been  undertaken  for  the  purpose  of  ascertaining 
whether  analogous  cytolytic  sera  can  be  obtained  from  animals  which  have 
been  injected  with  other  cellular  elements — with  ciliated  epithelium  (1), 
spermatozoa  (2,  3,  4,  5,  6,  7),  hepatic  (8,  9,  10,  11,  12,  13,  14,  15,  16,  17), 
renal  (9,  12,  14,  15,  16,  18,  19,  20,  21,  22,  23,  24,  25),  and  pancreatic  cells 
(14,  26,  27,  28),  or  with  the  corresponding  nucleo-proteids  (11,  12,  13,  16), 
also  with  nerve  tissue  (29,  30,  31,  32,  33,  34),  gastric  mucous  membrnne  (35, 
36),  placenta  (37,  38,  39,  40,  41,  42),  thyroid"  gland  (43,  44,  45,  46),  heart 
muscle  (47),  intestinal  mucosa  (57,  58),  etc.  While  the  earlier  ctt'orts  to 
obtain  potent  cytolytic  sera  by  the  injection  of  tissue  cells  from  the  [larencliyma 
of  such  organs  as  the  liver  and  kidney  appeared  to  be  attended  with  no  small 
measure  of  success,  and  while  some  recent  writers  (13,  16,  49,  51,  53)  still 
affirm  that  the  sera  which  they  obtained  were  potent  and  specific,  other 
investigators  (16,  34)  contend  that  wdiereas  the  serum  of  animals  which  have 
been  treated  with  organs  in  toto  is  not  strictly  specific,  yet  animals  treated 
with  nucleo-proteids  do  yield  a  serum  with  a  high  degree  of  specificity.  Most 
of  the  recent  obscrvation.s,  however,  and  especially  those  of  Czeczowiczka, 
1903  (■'8),  Pearce,  1904  (!■•),  Woltniann,  1905  {^'•'),  and  Pcarce  and  Jackson, 
1906  C*-'),  indicate  that  "cytolytic"  sera  are  not  specific,  and  have  little  or  no 
cytolytic  action  either  in  vitro  or  in  vim ;  their  sole  or  chief  action  being  a 
ha;molytic  one. 

1,  AniiENoLYTic  Seku.m. 

Tlie  latency  and  specificity  of  adrenolytic  serum  have  not  liitherto 
engaged  the  attention  of  many  investigators.  In  1901  Bigart  and 
Iternard  ('"')  recorded  the  first  observations  on  the  subject.  They 
found  that  the  serum  of  ducks  which  liad  been  injected  with  the 
adrenals  of  guinea-pigs  was  capable  of  killing  those  aniniiils,  tin-  ratio 
'  Received  October  9,  1907. 
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between  the  lethal  dose  of  serum  and  the  weight  of  guinea-pig  being 
1  :  125,  and  that  the  medullary  portion  of  the  adrenals  of  the  guinea- 
pigs  which  succumbed  was  sometimes  diffluent  and  gelatinous. 
These  results  have  not  been  altogether  substantiated  by  later 
observers. 

Abbott's  researches,  1903  (^''),  led  him  to  doubt  whether  repeated  injections 
of  guinea-pigs'  adrenals  into  rabbits  result  in  the  elaboration  of  a  serum 
having  demonstrable  specific  affinities  for  the  adrenal  glands  of  the  guinea-pig 
in  situ.  Xor  had  the  serum  any  cytolytic  effect  upon  the  cells  of  the  guinea- 
pig's  adrenals  in  vitro.  It  was  hiBmolytic,  however,  and  its  injection  caused 
the  death  of  guinea-pigs  in  five  to  ninety-two  hours ;  but  after  the  haemolytic 
receptors  had  been  removed  from  the  serum  it  bad  no  longer  any  toxic  effect. 

Sartirana,  1904  (^i),  found  that  the  serum  of  hens  which  had  been  treated 
alternately  with  guinea-pigs'  blood  and  adrenal  extract  was  feebly  cytotoxic 
and  not  hemolytic.  In  other  instances  the  serum  obtained  from  the  birds 
after  their  treatment  with  adrenals  wa.s  found  to  have  a  toxic  influence  on  the 
■central  nervous  system.  Yates,  1903  ('-),  concludes  that  "  anti-adrenal  "  serum 
has  little  or  no  specific  action. 

The  most  important  research  is  that  of  Pearce,  1904  (^■'),  for  he  demonstrated 
that  the  activity  of  the  serum  differed  according  as  to  whether  the  animals  had 
been  treated  with  imwashed  or  with  washed  adrenals.  In  the  former  case 
the  serum  was  toxic,  a  dose  of  1  :  400  causing  death  in  less  than  twenty -four 
hours.  After  doses  of  1  :  900  to  1  :  300  the  histological  changes  were 
indistinguishable  from  those  due  to  a  pure  hsemolytic  serum,  or  to  a 
hepatolytic  sernm,  and  may  all  be  readily  explained  by  the  action  of 
liasmagglutinin  or  hasmolysiu,  but  no  changes  referable  to  specific  action  on 
the  adrenals  could  be  detected.  On  the  other  hand,  serum  obtained  from 
animals  treated  with  washed  adrenals  agglutinated  and  ha^molysed  red  blood 
corpu.scles  in  vitro,  but  hsemoglobinuria  did  not  follow  its  injection.  In  doses 
of  1  :  700  to  1  : 5.50  this  serum  produced  granular  and  fatty  transformation 
of  the  liver  and  kidneys,  but  caused  no  lesion  of  the  adrenal  glands. 

The  results  obtained  by  Pearce  do  not  coincide  with  the  observations  of 
Levi  della  Vida,  1904  (°^),  who  found  that  the  serum  of  five  ducks  which 
had  been  treated  with  guinea-pigs'  adrenals  was  not  positively  active  after 
injection.  A  dose  of  serum  equivalent  to  2"5  per  cent,  of  the  weight  of  the 
guinea-pig  failed  to  produce  any  disturbance.  Levi  della  Vida,  however, 
maintains  that  the  serum  was  uudoubtedly  cytolytic  in  vitro,  and  as  a  result 
of  his  tests  be  upholds  the  specificity  of  action  in  vitro  of  the  sera  of  animals 
treated  respectively  with  the  cortical  and  medullary  portions  of  adrenal  glands. 
The  sera  were  bsmolytic  as  well  as  adrenolytic,  and  were  rendered  inert  by 
being  heated  to  55°  C. 

Foa,  1905  (■'^),  made  many  attempts  to  prepare  adrenolytic  sera  in  rabbits, 
guinea-pigs,  and  ducks,  but  his  results  were  uniformly  negative :  wlnle 
Stradiotti,  1905  (^^),  records  a  fall  of  blood  pressure,  to  the  extent  of  25  mm. 
of  mercury  after  the  intravenous  injection  of  the  serum  of  dogs  previously 
treated  with  adrenal  extract. 

The  chief  aim  of  our  research  was  to  determine  (a)  whether  it  be 
possible  to  prepare  a  serum  containing  an  adrenophilic  immune  body ; 
(b)  whether  the  affinity  of  this  immune  body  be  specific ;  and  (c) 
whether  serum  containing  adrenophilic  immune  body  and  complement 
be  adrenolytic. 

As  the  sera  employed  in  our  experiments  were  obtained  from 
ducks   which   had   been   repeatedly   injected   with   adrenal   glands   of 
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guinea-pigs  it  is  necessary  to  consider  briefly  the  eflect  of  normal 
duck's  serum  on  the  guinea-pig,  and  its  action  on  the  adrenal  gland 
in  particular. 

A  series  of  tests  was  tirst  made  in  order  to  prove  that  the  fresh 
normal  duck's  serum  with  which  we  were  working  contained  com- 
plement, which  in  the  presence  of  the  appropriate  immune  body 
hsemolysed  the  red  blood  corpuscles  of  the  ox^ 

Ox  E.  4-  H.I.B.  -h  Normal  duck's  serum  =  Hemolysis. 

A  second  series  of  tests  demonstrated  that  fresh  normal  duck's 
serum  also  contains  a  cytophilic  immune  body  which  permits  the 
fixation  of  duck's  complement  to  the  molecules  of  the  giiinea-pig's 
tissue  cells. 

The  presence  of  this  cytopliihc  immune  body  was  determined  in  the 
manner  devised  by  Bordet  and  Gengou,  IDO^^").  To  three  tubes,  containing 
a  finely  divided  portion  of  guinea-pigs'  Uver,i  spleen,  and  adrenal  respectively, 
O'l  c.c.  of  fresh  normal  duck's  serum  (X.D.  serum)  was  added,  and  after  the 
mixtures  had  been  left  for  three  and  three-quarter  hours  at  37°  C.  1  c.c.  of 
a  5  per  cent,  suspension  of  ox  red  blood  corpuscles  in  normal  saline  solution 
(Ox  R.),  and  O'l  c.c.  of  heated  serum  (H.I.B.)  containing  a  hfemolytic  immune 
body  for  the  red  blood  corpuscles  of  the  ox  (the  serum  of  a  rabbit  previously 
injected  with  whipped  ox  blood  and  heated  to  57°  C.  for  one  hour  in  order 
to  inactivate  the  complement)  were  added  to  each.  The  tubes  were  then 
replaced  within  the  incubator,  but  in  no  instance  did  ha-molysis  occur,  as  is 
shown  in  the  following  table  :  — 


Guinea-pig's  liver      -fN.D.  serum 
,,  spleen    -I-  ,, 

„  adrenal  +  ,, 


Hours  at 
37°  C. 


4-  Ox  R.  -f  H.I.B.  =  No  hajniolysis 


Now,  if  duck's  complement  possessing  a  zymoto.xic  atom  group 
may  be  fixed  to  the  guinea-pig's  tissue  cells,  it  might  be  supposed 
that  normal  duck's  serum  would  exert  a  cytolytic  influence  upon  those 
cells,  and  thus  induce  toxic  symptoms,  or  even  possibly  ciiuse  the 
death  of  the  animal  receiving  the  serum. 

In  conformity  with  the  results  recorded  by  Bigart  and  Iternard,  1901  (■"•), 
Levi  della  Vida,  1904  (■'■'),  and  other  investigators,  bowevor,  it  was  found  tliat 
normal  duck's  serum  is  very  feebly  if  at  all  toxic  for  the  guinea-pig.  A  guinea- 
pig  of  1501!  grms.  received  3  c.c.  of  normal  duck's  serum  intraperitoneaily 
(0'82  per  cent,  of  body  weight),  and  yet  a  fortnight  later  was  still  alive  and 
well.  A  similar  negative  result  followed  the  intraperitoneal  injection  of  4  c.c. 
of  normal  duck's  serum  into  a  giunea-pig  weighing  195  grms. 

The  tests  recorded  above  prove  that  in  the  case  of  uornial  duck's 

'  AH  the  guinca-piKs'  organs  used  in  this  and  in  subsequent  tests  in  xiiro  were  obtained 
fioni  animals  whicli,  liaving  liicn  killed  liy  uliloroform  amesthesia,  were  wBs-licd  out  with 
sterilised  saline  solution  tliruugli  a  cannula  tied  into  the  aoi  ta. 
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serum  the  absence  of  toxic  actiou  upon  the  guinea-pig  cannot  be 
explained  by  any  deficiency  in  haptophore  or  zymotoxic  atom  groups 
on  the  part  of  the  complement.  The  impotency  of  normal  duck's 
serum  upon  the  guinea-pig  must  therefore  be  due  either  to  non-affinity 
of  the  zymotoxic  atom  group  of  the  complement  for  the  toxophile 
atom  group  of  the  guinea-pig's  tissue  cells,  or  to  deficiency  of  immune 
body  in  the  serum,  so  that  sufficient  complement  to  induce  cytolysis 
cannot  be  fi.\ed  to  those  cells.  If  the  zymotoxic  atom  group  of  duck's 
complement  have  little  or  no  affinity  for  the  toxophile  atom  group  of 
the  guinea-pig's  tissue  cells  the  addition  of  an  appropriate  cytophilic 
immune  body  will  fail  to  render  the  serum  cytolytic,  whereas  if  the 
impotency  of  normal  duck's  serum  be  due  solely  to  deficiency  of 
cytophilic  immune  bodies  cytolysis  might  perhaps  be  induced  by  the 
employment  of  a  serum  to  which  a  sufficiency  of  an  appropriate 
immune  body  had  been  added. 

In  the  hope  of  obtaining  such  an  immune  body  a  series  of  ducks 
were  repeatedly  treated,  h\  intraperitoneal  injection,  with  suspensions 
of  guinea-pigs'  adrenal  glands  in  normal  saline  solution.  The  glands 
were  obtained  with  aseptic  precautions  from  guinea-pigs  which  had 
been  bled  and  killed  under  ether  anaesthesia.  In  some  instances  the 
ducks  developed  a  transient  paresis  of  one  leg  shortly  after  each 
injection,  but  as  a  rule  the  birds  withstood  the  injections  well,  and 
gained  weight  during  the  periods  over  which  the  injections  were 
being  given.  Four  of  the  birds  were  eventually,  while  under 
ether  anaesthesia,  bled  from  the  carotid  artery,  and  the  serum  was 
either  used  for  tests  in  vitro,  or  was  injected  intraperitoneally  into 
guinea-pigs. 

Before  considering  the  action  of  the  treated  ducks'  serum 
reference  must  be  made  to  two  control  observations — (1)  that  the 
n(jrmal  guinea-pigs'  serum  which  was  employed  in  the  subsequent  tests 
did  not  contain  a  luemolytic  immune  body  for  the  red  blood  corpuscles 
of  the  ox,  but  did  contain  complement  which  in  the  presence  of  the 
appropriate  immune  bodj^  h.^molysed  those  corpuscles ;  and  (2)  that 
normal  guinea-pigs'  serum  (N.  Gp.  serum)  does  not  contain  an  immune 
body  capable  of  fixing  guinea-pig's  complement  to  the  adrenal  cells  of 
the  guinea-pig.  The  latter  point  was  determined  by  the  following 
tests  in  vitro  : — • 


Hours 
at37°C. 

G|i.  adreual  +  N.  Gp.  serum  (0'  lOc.c.) 
+            „            (0-15  „  ) 
+            ,.            (0-15  „  ) 

1 
2 
3 

+  Ox  R.  +  H.I.B.  (0-20c.c)  =  H»moIysis 
+     „     +       „       (0-10  „  )  = 
+     „     +       „       (0-05  „  )  = 
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We  now  pass  to  the  consideration  of  the  serum  of  the  ducks  wliicb 
had  been  treated  with  guinea-pigs'  adrenals,  and  find — 

I.  That  the  serum  contained  an  adrenophilic  immune  body,  in  the 
presence  of  which  guinea-pig's  complement  became  fixed  to  guinea- 
pigs'  adrenals.  This  was  demonstrated  by  the  following  tests,  in 
which  "  T.D.  Serum  "  signifies  the  serum  of  a  duck  which  had  been 
injected  with  guinea-pigs'  adrenals  : — 


Hours 
at37°C. 

Gp.  adrenal  +  T  D.  serum    (0-1  c.c.) 
+  N.  Gp.  serum  (O-l  c.c.) 

Gp.  adrenal  +  T.D.  serum    (O'l  c.c.) 
+  N.  Gp.  serum  (C.  15  c.c. ) 

4J 

+  OxR.  +  H.I.B.  (005    c.e.)  =  No 
hffimolysis 

+  Ox  R.  +  H.I.B.    (0-05    c.c.)  =  No 
hsemolysis 

A    control    test   proved  that   the   guinea-pig's   serum  which  was 
employed  really  contained  complement — 


Hours  at 
37°  C. 

G  p.  adrenal +  N.  Gp.  serum     , 

4i 

+  0.x  R.  +  H.I.I!.  =  H;vmoIysis 

The  tests  here  recorded  indicate  that  there  was  no  fi'ee  comple- 
ment in  the  mixtures  of  adrenal,  treated  duck's  serum,  and  normal 
guinea-pig's  serum  at  the  time  when  the  red  blood  corpuscles  and 
haemolytic  immune  body  were  added.  It  has  already  been  shown  tliat 
the  fixation  of  complement  to  the  guinea-pig's  adrenal  cannot  be 
ascribed  to  the  presence  of  an  adrenophilic  immune  body  in  guinea- 
pigs'  serum,  and  consequently  the  fixation  must  have  been  brought 
about  by  the  presence  of  an  immune  body  in  the  serum  of  the  treated 
duck.  As  it  has  an  affinity  for  the  receptors  of  the  guinea-pig's 
adrenal  cells,  this  immune  body  may  be  termed  an  adrenophilic 
immune  body,  and  the  serum  containing  it  an  adrenophilic  serum. 

II.  In  order  to  test  the  specificity  of  this  immune  body,  adreno- 
philic serum  (obtained  from  a  duck  previously  injected  with  guinea- 
pigs'  adrenals)  and  normal  guinea-pig's  scrum  were  added  to  a  series 
of  tubes  containing  respectively  suspensions  of  guinea-pig's  adrenal, 
spleen,  kidney,  etc.,  in  normal  saline  solution.  The  tubes  were  tlien 
left  for  4 J  hours  at  37°  C,  and  thereafter  1  c.c.  of  a  5  per  cent, 
suspension  of  wliipped  ox  blood  in  normal  saline  solution  and  O'Oo  c.c. 
of  lueniolytic  imnmnc  body  were  added  to  each,  and  the  tubes  replaced 
in  tlie  incubator  for  one  liour.  The  presence  or  absence  of  free 
comiilcment  in  cacii  tube,  and  therefore  the  attinity  of  the  adrenopliilic 
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immime  body  for  the  receptors  of  the  various  cells  of  the  guinea-pig, 
were  thus  determined  : — 


(1)  Gp.  adrenal +Adrenophilic  serum 

(0-1  c.c.)  +  N.  Gp.  serum  (0-1  c.c.) 

(2)  Gp.  adrenal +Adrenophilio  serum 

(0-1  c.c.)  +  N.  Gp.  serum  (0-15  c.c.) 

(3)  Gp.    spleen +Adrenophilic   serum 

(O'l  c.c.)  +  N.  Gp.  serum (0-1  c.c.) 

(4)  Gp.   kidney  +  Adrenophilic  serum 

(O'l  c.c.)  +  N.  Gp.  serum  (O'lc.c.) 

(5)  Gp.    liver  4-  Adreuophilic    serum 

(O-l  c.c.)  +  N.Gp.  serum  (0-1  c.c.) 

(6)  Gp.     lung  +  Adrenophilic    serum 

(0-1  c.c.)+N.Gp.  serum  (0-1  c.c.) 

(7)Gp.  muscle  +  Adrenophilic  serum 
(0-1  c.c.)  +  N.  Gp.  serum  (O'l  c.c, ) 

(S)  Gp.  heart  muscle  +  Adrenophilic 
serum  (O'l  c.c. )  + N.  Gp.  serum 
(0-1  c.c.) 

(3)  Gp.  thymus +  Adreuophilics  erum 
(0-lc.c.)+N.  Gp.  serum  (0-1  c.c.) 

(10)  Gp.  brain  +  Adrenophilic  serum 
(0-lc.c.)  +  N  Gp.  serum  (O-l  c.c.) 

(11)  Gp.  spinal  cord  +  Adrenophilic 
serum  (O'l  c.c. )  + N.  Gp.  serum 
(0-1  c.c.) 

(12)  Gp.  bone  marrow  +  Adrenophilic 
serum  (O'l  c.c.)  +  N.  Gp.  serum 
(0-1  c.c.) 


+OxK.4H.I.B.(0-05c.c.)= 


No  haemolysis  after 
1  hr.  at  37°  C. 


Slight    hiemolysis 
after  1  hr.  at  37°  C. 


Marked  hiemolysis 
afterlhr.  at37°C'. 


Whereas  tubes  1  and  2  contained  no  free  complement  in  virtue  of 
the  aiEnity  of  the  adrenophilic  immune  body  for  the  receptors  of  the 
guinea-pig's  adrenal  cells,  there  was  either  slight  or  well-marked 
hemolysis  in  all  the  other  tubes.  These  had  therefore  contained  free 
complement  at  the  time  when  the  red  blood  corpuscles  and  the 
hicmolytic  immune  body  were  added.  The  incomplete  haemolysis  in 
tubes  3  and  4  indicates  that  there  had  been  a  partial  fixation  of 
complement  to  the  cells  of  the  guinea-pig's  spleen  and  kidney,  and 
consequently  a  certain  degree  of  aftinity  between  the  receptors  of 
those  cells  and  the  adrenophilic  immune  body.  But  as  there  was  no 
evidence  of  fixation'  of  complement  to  the  guinea-pig's  liver,  brain, 
thymus,  etc.,  the  inference  is  that  this  immune  body  had  either  no 
affinity  or  only  a  very  slight  one  for  the  receptors  of  the  cells  in 
question.  It  is  thus  evident  that  the  adrenophilic  immune  body  has  a 
greater  affinity  for   the  receptors  of  adrenal  cells  than  for  those  of 
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other  tissue  cells,  but  it  has  a  slight  atfinity  for  those  of  the  spleen  and 
kidney,  and  is  therefore  not  strictly  specific. 

III.  The  hiemolytic  activity  of  various  cytolytic  sera  is  admitted 
Ijy  many  of  those  who  have  studied  the  subject. 

Woltmann,  1905  i^^),  is  of  opinion  that  all  the  pathological  changes 
discernible  in  the  organs  of  animals  which  have  been  injected  with  cytolytic 
sera  may  be  regarded  as  the  direct  or  indirect  effects  of  bfemolysis.  As 
regards  adrenolytic  serum,  its  haemolytic  activity  has  been  admitted  by  Abbott, 
1903  (50),  and  by  Levi  della  Vida,  1904  (^2).  Our  observations,  however, 
appear  to  substantiate  those  of  Sartirana,  1904  (^i),  and  of  Pearce,  1904  ("), 
for  according  to  the  latter  observer  the  serum  of  animals  treated  with  washed 
adrenals  was  less  actively  hemolytic  than  that  of  animals  treated  with  unwashed 
adrenals,  and  the  ducks  furnishing  the  serum  for  our  tests  were  injected  with 
adrenals  obtained  from  animals  which  had  been  thoroughly  bled. 

In  suclr  serum  we  failed  to  demonstrate  any  appreciable  affinity 
on  the  part  of  the  adrenojihilic  immune  body  for  the  receptors  of 
guinea-pig's  red  blood  corpuscles.  In  the  following  tests  "  Gp.  E." 
signifies  a  suspension  of  guinea-pig's  blood  in  normal  saline  solution, 
and  "  Gp.  C."  normal  guinea-pig's  serum  containing  complement,  wliile 
the  other  abbreviations  have  the  same  significance  as  before : — 


Hours  at 
37°  C. 

Gp.  R 

„                                              +Gp.  C.  (0-15  c.c) 
,,      +  Adivno  serum  (O'l  (-'.cj  +              ,, 
OxR. +  H.I.?,.  (O-I  c.c.)             + 

3 

3 

3 

\ 

=  No  hfcmolysis 

=  Complete  hipinolysis 

That  the  adrenophilic  immune  body  had  no  special  affinity  for 
the  receptors  of  the  guinea-pig's  red  blood  corpuscles  was  also  shown 
by  the  absence  of  any  structural  changes  referable  to  haemolysis  in  the 
organs  of  guinea-pigs  which  had  been  injected  with  duck's  serum 
containing  adrenophilic  immune  body  and  complement. 

IV.  The  stability  of  the  imunine  body  was  determined  by  the 
following  tests : — 


Hours  at 
37°  C. 

1.  Op.  adrcniil 

2.  ,.          +  Adrciio  scrum  (8  day.s  old)  +  Gp.  C. 

3.  ,.          +           „            (20      „     )+     „ 

4.  ,.                                                           +      „ 

4J 
2 

3} 
3S 

+  OxR.  +  H.I.l!.=No 

Iiivniolysis 
+     .,      +II.l.li.=No 

luiMiiolysis 
+     „    +H.I.n.  =  l\nint 

liivmolysis' 
+     „    +H.1.B.  =  Marked 

hicmolysis 
1 
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Comparing  the  results  of  tests  2  aud  3  it  is  evident  that  the 
affinity  of  the  adrenophilic  immune  body  in  serum  twenty  days  old 
was  appreciably  less  than  in  the  same  sei'um  when  only  eight  days 
old ;  but  the  lesser  degree  of  hemolysis  in  test  3,  as  compared  with 
that  in  test  4,  indicates  that  the  immune  body  to  a  certain  extent 
still  retained  its  affinity  in  serum  twenty  days  old. 

V.  The  adrenophilic  immune  body  was  thermostable  at  51°  C, 
but  not  at  57°  C.  The  thermostability  of  the  immune  body  at  51"  C. 
was  shown  by  the  next  test : — 


Hours  at 
37'  C. 

Gp.  adrenal  +  Adreno  serum  heated  to51°C. 
for  1  hour  (0-1  c.c.)  +  Gp.  C.  (O'lo  c.c.) 

2*          +OxE.  +  H.I.B.  (0-1  c.c.)  = 
No  hemolysis 

That  the  absence  of  ha?molysis  in  the  above  test  was  really  due 
to  fixation  of  complement,  and  was  not  due  to  deficiency  either  of 
complement  in  the  guinea-pig's  serum  employed  or  of  hiemolytic 
immune  body,  was  proved  by  two  control  tests  : — 

Ox  R.  +Gp.  serum  (0'15  o.c.)  =  i^o  lu^jniolysis     I       +H.I.B.  (O'l  c.c.)  =  Hemolysis 

,,     +H.I.B.  (0-1  c.c.)         =  „  I 

The  following  tests  indicated  that  the  adrenojjhilic  immune  body 
was  not  thermostable  at  5  7°  C. : — 


Hours 
at37°C. 

1.  Gp.  adrenal  +  Adreno  serum  (heated  to  57°  C.          2 
forlhr.)  +  Gp.  C. 

+  Ox  K.  +  H.  I.  B.  =  Hsemolysis 

2.          „           +                     „                 +     ,,              3 

+     .+       ..=         ,. 

3.           „            +                      „                  +     „ 

3i 

.,       = 

4.          ,,                                                        +      „ 

2 

f     ..     +       „       = 

5. 

2 

+     „     -r       .,      =Noha;mo- 
lysis 

Tests  4  and  5  of  the  above  series  are  controls.  As  we  were 
unaware  of  any  similar  instabilit}'  at  57°C.  having  been  recorded  in 
the  case  of  other  cytolytic  immune  bodies,  it  was  thought  that  our 
results  might  possibly  be  ascribed  to  some  error  in  tocliuique,  but 
when  the  tests  were  subsequently  repeated  with  the  heated  adreno- 
philic serum  of  another  treated  duck  the  inniiune  body  was  again 
found  to  be  thermolabile. 

VI.  In  order  to  test  its  adrenolytic  power,  the  serum  of  the 
treated  ducks  was  injected  intraperitoneally  into  seven  guinea-pigs. 
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One  received  an  injection  of  serum  equal  to  0"65  per  cent,  of  its  body 
weight ;  thirty-one  days  later  the  animal  was  still  quite  well,  and  was  then 
given  a  second  injection,  equal  to  I'l  per  cent,  of  its  body  weight.  Four  and 
a  half  hours  later  the  guinea-pig  died.  2^0  evidence  of  peritoneal  infection 
was  detected,  and  all  the  organs,  including  the  adrenals,  were  healthy,  both 
the  cortical  and  the  medullary  cells  of  these  glands  being  in  every  respect 
unaltered. 

The  negative  effect  of  the  serum  in  the  remaining  six  guinea-pigs 
is  illustrated  by  the  following  table  : — 


Guinea-pig 

Weiglit. 

Dose  of  Serum  in 

relation  to  Body 

Weiglit. 

Result. 

2 

Grms. 
500 

0"25  per  cent. 

Well  three  months  later;  then  lost 
weight,  and  died  in  six  months 

3 

344 

o-.^s     „ 

Well  forty-six  days  later ;  then  given 
0'26  per  cent,  of  the  serum  ;  died 
eighty-seven  days  later 

4 

329 

0-66       „ 

Well  forty-six  days  later  ;  then  given 
0-83  per  cent,  of  the  serum  ;  died 
ninety -seven  days  later 

5 

370 

0-80       „ 

Well  forty-six  days  later  ;  then  given 
0-76  per  cent,  of  the  serum  ;  died 
five  months  later 

6 

300 

1-30       „ 

Died  thirteen  days  later  ;  tuberculosis 

' 

145 

1-40       ,,         -(-0-6per 
cent,     of     normal 
duck's  scrum 

Well  three  months  later 

i 


These  results  difler  from  those  of  Bigart  and  Bernard,  1901(*"), 
but  are  in  essential  agreement  with  the  observations  recoi'ded  by 
Sartirana,  1904  ("),  Yates,  1903  f  2),  Pearce,  1904  ("),  Levi  della  Vida, 
1904  (53),  and  Fok,  1905  ("). 

Bummary 

1.  The  serum  obtained  from  ducks  which  had  been  treated  with 
guinea-pigs'  adrenals  contained  an  adrenophilic  immune  body. 

2.  In  the  presence  of  this  immue  body  guinea-pig's  complement 
became  fixed  to  guinea-pigs'  adrenals. 

3.  The  serum  was  not  strictly  specific,  but  there  was  no  evidence 
of  it  being  hamolytic. 

4.  The  adreno])hilie  immune  body  was  thermostable  at  51°  C,  but 
not  at  57°  C. 

5.  The  serum,  although  adrenophilic,  was  not  adrenolytic. 

6.  The  absence  of  adrenolytic  action  is  probably  due  to  the 
zymotoxic  atom  group  of  duck's  and  guinea-pig's  complement  having 
little  or  no  affinity  for  the  toxophilc  atom  group  of  guinea-pigs' adrenals. 


ADRENOL  YTIC  AND  THYMOL  YTIC  SERA. 


149 


II.  Thymolytic    Sekum. 

lu  the  following  experimeuts  an  attempt  was  made  to  obtain  a 
thymolytic  serum  from  ducks  which  had  been  treated  with  the  thymus 
glands  of  guinea-pigs. 

Three  ducks  received  intraperitoneal  injection.s  of  suspensions  of  thymus 
glands  in  normal  saline  solution.  Duck  1  was  given  four  injections,  at 
intervals  of  ten  days,  and  received  eleven  and  a  half  thymus  glands  in  all. 
The  average  weight  of  tlie  guinea-pigs  furnishing  the  ghinds  was  338  grms. , 
the  lightest  being  210  grms.,  the  lieaviest  50-5  grms.  Duck  2  similarly 
received  fourteen  and  a  half  thymus  glands,  and  duck  3  received  thirteen 
gland.s. 

The  following  tests  demonstrated  that  the  serum  of  the  treated 
ducks  contained  an  immune  body  having  an  affinity  for  receptors  of 
the  guinea-pig's  thymus  and  lymphatic  glands,  spleen,  and  bone 
marrow,  and  that  in  the  presence  of  this  immune  body  guinea-pig's 
complement  became  fixed  thereto,  but  that  the  immune  body  had  no 
affinity  for  receptors  of  the  guinea-pig's  liver,  adrenal,  thyroid, 
kidney,  etc.  : — 


\Nole. — Where  it  is  iudicated  below  that  thymus 
serum  was  used  the  amouut  added  was  0-1  c.c] 

Hours 

at 
37°  C. 

Gp.  thymus                                   +Gp.  C.  (O'l  c.c.) 

n 

+  0.X 

!.  +  H.I.B.{0 

■02c.c.)=Haemo- 
lysis 
=  No  hae- 
molysis 

,,         ,,             +  Thymus  serum  +  Gp.  C.        ,, 

' 

+     „ 

T                         , 

,,    lympli  gland +  Thymusserum  +  Gp.'C.      ,, 

+     ,1 

+                         , 

=     „ 

+  Gp.  C. 
,,    Ijoue  marrow  +  Thymus  serum +  Gp   C.      ,, 

+     „ 
+     „ 

+                          , 

=  Hfemo- 
lysis 
=Very 
slight  hipmolysis 

+  Gp.  C.        „ 

^     „ 

+                          » 

=  Ha;mc- 
lysis. 

,,   liver             +Thymus  scrum  +  Gp.  C.        „ 

+     » 

+                          >> 

=     .. 

,,    luug             +Thynms  serum  h  Gp.  C.        ,, 

+     .. 

+                          » 

=     „ 

,,   ailroiial        +  Thymus  serum +  Gp.  C.        „ 

+     .. 

+                          „ 

=     „ 

,,    tliyroid         +  Thyums  serum  +  Gp.  C.        „ 

+     11 

+                          » 

=     „ 

,,   kidney         +  Thymu.s  serum -1- Gp.  C.        ,, 

+     .. 

+ 

=     „ 

,,  redhlood' 

corpuscles  +  Thymus  serum +  (;p.  C.       ,, 

=  Nohie- 
molysis 

The  combining  affinities  of  the  immune  body  indicated  that  we 
were  dealing  witli  a  leucophilic  immune  body,  and  not  with  a  specific- 
ally   thymophilic    one.     The    serum    of    the    treated    ducks    had    do 
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iKL-uiolytic  action,  and  moreover  tests  in  xitro  demonstrated  that  tlie 
immune  body  had  no  affinity  for  the  receiptors  of  the  kitten's  spleen, 
thymus,  lymphatic  gland,  or  bone  marrow.  That  the  leucophilic  immune 
laody  was  thermostable  was  ascertained  by  the  following  tests,  in  which 
"  H.  Thymus  Serum "  designates  treated  duck's  serum  that  had  been 
heated  to  57°  C.  for  one  hour  : — 


\_Xole. — In  the  following  tests  the  amount  of 
heated  thymus  serum  and  of  Gp.  serum 
was  O'l  CO.] 

Hours  at 
37°  C. 

After  thirty -five  Minutes  at 
37°  C. 

Gp.  thymus           +H.  Thymus  serum +  Gp.  C. 

5  hrs.    +  , 

Ox  E,-fH.I.B.(0-025c.c.)  =  No  he- 
molysis 

„          „ 

„     +              ,,                =  Marked 
h.-emolysis 

,,   lymph-gland                                          ,, 

"    r 

„     -1-              ,,                =  Hfemo- 
lysis 

,,              ,,             -fH.  Thymus  serum       „ 

»     + 

,,     -h              .,                =No  lise- 

molysis 

,,    spleen                                                     ~  ,, 

+ 

„     +              ,1                =H!Bmo- 
lyisis 

„         „                   +H.  Thymus  serum       „ 

-1- 

,,     -1-             ,,               =No  hae- 

molysis 

,,    hone  marrow 

M     + 

„     -1-             ,,               =  Hcemo- 
lysis 

-FH.  Thymus  serum       ,. 

-1- 

,,     +              „                =No  hae- 
molysis 

,,    adrenal             -fH.  Thymus  serum 

+ 

„     +             „               =  Slight 
molysis 

)» 

+ 

„     -1-              „                 =Hiemo- 

1                 \ 

Ivsis 

„    liver                  4-11.  Thymus  scrum       ,,                „       1-1- 

..     +             ..               =      .. 

,,    kidney              4  H.  Thymus  serum       ,, 

+ 

1)     +             .>               =      » 

,,        .. 

+ 

..     +             »               =      .. 

,,    muscle              -r  H.  Thymus  serum 

+ 

r,       +                     ..                       =         .. 

,,   lung                 -fH.  Thymus  serum       „ 

,: 

+ 

.,       +                     ..                        =          .. 

,,   pancreas          +H.  Thymus  serum       ,, 

+ 

..       +                     ..                        =          >• 

Having  thus  ascertained  that  it  contained  a  thermostable  leuco- 
phiHc  immune  body,  five  guinea-i^igs  were  injected  with  the  serum. 
The  first  three  were  given  unheated  serum,  the  remaining  two  received 
serum  which  had  been  heated  for  one  hour  at  57°  C.  on  two  occasions. 


Guinea- 
pig- 

Weight. 

Dose  of  Serum  in 

relation  to  Rody 

Weight. 

Injection  given. 
lutrapeiitoneally 

Result. 

1 

220  grms. 

1  '8  per  cent. 

Died  on  tliird  day 

2 

140     „ 

1-8 

„ 

Died  in  nineteen  hours 

3 

l.-i6     „ 

1-6 

Suhcutaneoiisly 

Remained  well 

•1 

160     „ 

2-0 

Intrapevitoneally 

>- 

185     „ 

2-0         ,,        -*l-8 
I>er  cent,  of  nor- 
mal guinen-iiig's 
serum. 

" 

" 
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Our  tests  in  vitro  haviug  demonstrated  that  the  serum  contained 
a  leucophilic  immune  body,  it  was  to  be  expected  that  the  serum 
would  have  a  leucolytic  action.  But  Moorhead,  1905  (™),  found  that 
the  serum  of  rabbits  which  had  been  injected  with  guinea-pigs'  thymus 
glands  had  no  recognisable  leucolytic  action,  did  not  agglutinate 
emulsified  thymus  gland  in  vitro,  and  had  no  constant  effect  upon  the 
animals  into  which  it  was  injected.  The  serum  we  employed  was 
undoubtedly  leucolytic.  Injection  of  the  serum  into  guinea-pigs 
occasioned  a  leucocytosis,  as,  for  example,  in  guinea-pig  No.  4,  where 
the  leucocytes  numbered  2400  per  c.mm.  on  the  day  before  injection, 
and  10,400  per.  c.mm.  on  the  day  after  it.  In  guinea-pig  No.  5  the 
leucocyte  count  was  6500  per  c.mm.  on  the  day  after  injection,  and 
22,000  per  c.mm.  on  the  succeeding  day. 

In  only  one  instance  was  it  possible  to  say  that  the  serum  had 
acted  specially  upon  the  thymus  gland.  In  guinea-pig  No.  1,  which 
weighed  220  grms.  and  died  on  the  third  day  after  being  injected,  the 
lobules  of  the  thymus  gland  were  small,  the  differentiation  between  the 
cortical  and  medullary  portions  of  each  lobule  was  not  well  marked, 
and  the  width  of  the  cortical  portion  was  much  reduced,  so  that  some 
of  the  Hassal's  corpuscles,  which  in  this  and  all  other  cases  were 
themselves  normal,  lay  at  the  extreme  periphery  of  tlie  lobule.  This 
change  is  manifestly  evidence  of  leucolysis,  and  yet  neither  the  bone 
marrow  nor  the  lymphatic  glands  showed  any  changes  referable  to  the 
action  of  a  leucolytic  serum.^ 

Summary. 

1.  The  serum  obtained  from  ducks  which  had  been  treated  with 
the  thymus  glands  of  guinea-pigs  contained  a  leucophilic  immune  body. 

2.  In  the  presence  of  this  immune  body  guinea-pig's  complement 
became  fixed  to  guinea-pig's  thymus,  lymphatic  gland,  bone  marrow, 
and  spleen. 

3.  The  serum  was  not  haimolytic. 

4.  The  leucophilic  immune  body  was  thermostable. 

5.  The  structural  changes  in  the  thymus  of  the  guinea-pig  follow- 
ing injection  of  the  serum  were  due  to  its  leucolytic  action,  and  are 
not  specific. 
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IN  VIVO  EXPERIMENTS  WITH  COMPLEMENT. 

By  J.  P.  il'GowAN,  :\I.A.,  M.B.,  B.Sc,  Enicst  Hart  Research 

Scholar} 

From  the  Lahoratory  of  the  Royal  College  of  Physicians,  Edinburgh. 

The  following  experiments  were  undertaken  with  the  object  of 
determining  what  change,  if  any,  take  place  in  the  complement  content 
of  the  serum  of  fresh  and  immunised  rabbits  {v.  ox  blood  corpuscles) 
on  the  intravenous  injection  of  unsensitised,  sensitised,-  and  saturated 
ox  blood  corpuscles.  Babbits  were  bled  from  the  ear  vein  to  the 
amount  of  15  c.c. ;  they  were  then  injected  with  the  ox  blood 
corpuscles,  and  usually  in  one  and  a  half  hours,  sometimes  after  an 
hour,  blood  was  again  obtained  from  them  either  from  the  ear  vein  or 
from  the  internal  jugular.  These  samples  w^ere  allowed  to  clot,  and 
the  serum  of  each  was  allowed  to  remain  in  contact  with  the  clot  for 
the  same  period  of  time,  to  have  the  conditions  as  nearly  as  possible 
comparable  ;  and,  as  far  as  circumstances  would  allow,  everything  was 
done  that  was  essential  for  a  strict  comparison  of  the  sera  before  and 
after  injection.  What  was  aimed  at  in  regard  to  the  dosage  of 
corpuscles  was  to  give  a  dose  sufficient  to  use  up  all  the  complement 
present  in  the  animal's  body ;  it  was  considered  inexpedient  to  experi- 
mentally determine  the  amount  of  complement  present  in  the  animal 
to  be  used  as  a  guide  to  the  dose  of  corpuscles  to  be  given,  as  this 
would  have  involved  such  an  exhaustive  bleeding  of  the  animal,  previous 
to  the  Ijleeding  at  the  time  of  the  experiment,  as  was  bound  to  have 
an  effect  on  the  economy  of  the  animal.  It  was  thought  that  it 
would  serve  the  purposes  of  the  research  if  a  dose  of  corpuscles,  in 
round  uumliers  judged  to  be  about  equal  to  that  necessary  to  use  up 
all  the  complement  in  the  animal's  body,  was  given.  As  the  amount 
of  complement  varies  in  the  serum  of  different  rabbits,  this  dose  was 
afterwards  seen  sometimes  to  be  less  than  the  actual  amount 
ascertained  by  subsequent  calculations,  sometimes  it  was  greater. 
In  calculating  after  the  experiment  how  much  of  the  complement — 
supposing  that  the  complement  circulated  free  in  the  plasma — ought 
theoretically  to  have  been  used  up  in  the  experiment,  the  M.H.D.  of 

'  The  subject  of  a  coniiuunicatiou  to  the  Pathological  Society  of  Great  Britain  and 
Ireland,  January  3-4,  1908.     [Received  for  publication  February  IS,  1908.] 

'  Corpuscles  can  take  up  several  multiples  of  the  animal  hemolytic  dose  or  sensitising 
dose  ;  when  corpuscles  are  treated  with  these  multiples  they  are  said  to  he  saturated. 
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complement  estimated  in  the  serum  of  the  animal  "  before  injection  " 
was  used.  The  amount  of  blood  in  the  animal's  body  was  calculated 
from  Douglas'  (1905—6)  figures,  which  give  4'85  per  cent,  of  body 
weight  of  blood  in  the  buck  and  5 '3  per  cent,  of  body  weight  in  the 
doe.  Eabbit  serum  amounts  to  about  5  0  per  cent,  of  the  blood.  This 
was  determined  by  taking  small  tubes  with  3  c.c.  of  blood  and  centri- 
fugalising  them  with  a  hand  centrifuge  at  4000  revolutions  per  minute, 
imtil  the  clot  was  deposited  as  far  as  it  would  go.  From  these  data  it 
could  be  estimated  how  much  of  the  total  complement  of  the  animal's 
body — supposing  that  complement  was  a  limited  definite  quantity 
circulating  in  the  plasma — ought  to  have  been  used  up  by  the  dose  of 
ox  blood  corpuscles  injected. 

EXPERIMENTS. 
Series  I. 
To  determine  the  change  in  complement  content  of  the  serum  of 
a  fresh    rabbit    after    injection    intravenously  of    sensitised    ox   blood 
corpuscles. 

Experiment  1. 

Rabbit,  buck  ;  weight,  2000  grms. ;  ox  blood  corpuscles  were  washed  6 
times;  and  the  M.H.D.  of  the  heated  immune  body  u.sed  to  sensitise  them 
was  0'012  c.c.  of  a  1  in  6  dilution  for  1  c.c.  1  per  cent,  suspension  The 
rabbit  was  bled  to  the  extent  of  15  c.c,  then  immediately  a  mixture  of  2  c.c. 
ox  corpuscles +  2  c.c.  0'85  per  cent,  .saline +  0'4:  c.c.  heated  immune  serum 
(sensitising  dose  calculated  from  the  M.H.D.  given  above)  was  injected  into 
the  ear  vein.  This  mixture  had  been  kept  at  37°  C.  for  li  hour  previous  to 
injection.  The  animal  showed  no  symptoms  of  distress  after  injection,  and 
survived.  One  and  a  quarter  hour  after  injection  15  c.c.  of  blood  were  again 
drawn  from  the  ear  vein.  The  sera  "  before  "  and  "  after  "  were  allowed  to 
separate,  each  remaining  in  contact  with  the  clot  for  the  same  time.  The  sera 
were  then  decanted  and  the  estimation  of  the  complement  undertaken.  (To 
avoid  repetition  it  may  be  said  that  the  same  routine  was  gone  through  in  the 
other  experiments.)  The  serum  "  after  "  injection  was  deeply  ha}moglobin  tinted. 

Determination  of  Complement . 

Complement  was  diluted  1  in  3  with  saline  (0'S5  per  cent.)  ;  heated  immune 
serum  was  diluted  1  in  6  with  saline  0'85  per  cent. ;  M.H.D.  for  1  c.c.  1  per 
cent,  suspension  was  0'012  c.c. ;  1  per  cent,  suspension  of  ox  blood  cor- 
puscles used. 

Befoue  Inmection". 


1  per  c'eiit. 

Suspension 

O.B.C. 

H.I.S. 

Compt. 

0-S5 
per  rent. 
Saline. 

(1)  • 

.        1   C.C. 

4- 

0-012 

-1-   0-6 

+    0 

-f  +  +  + 

(2)     . 

1     ,, 

+ 

0-012 

+   0-55 

+    0-05    = 

+  -1-  +  + 

(3)     . 

1     ,, 

+ 

0  012 

+   0-5 

+    0-1      = 

^  +  +  + 

(4)     . 

1     J, 

+ 

0-012 

+   0-45 

+   0-15    = 

+  +  +  + 

(5)     . 

1     ,^ 

+ 

0-012 

+   0-4 

+    02       = 

+  + 

(6)     . 

1     JJ 

+ 

0-012 

+   0-35 

+   0-25   = 

+ 

(7)     . 

1   ,. 

+ 

0-012 

+   0 

+   0-6     = 

0 

+  +  +  +  =  nearly  complete  hiemolysis. 
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After  Injection. 

1  per  cent.  O'So 

Suspension         H.I.S.  Compt.      per  cent. 

O.B.C.  Saline. 

(1)  .  .  1  C.c.  +  0-012  -1-  0-6  +0  =+  +  +  -(- 

(2)  .  .  1  „  +  0-012  +  0-55  +    0-0.5  =    +  +  +  + 

(3)  .  .  1  „  +  0-012  +  0-5  +0-1  =    +  +  +  + 

(4)  .  .  1  „  +  0-012  +  0-45  +    0-15  =    +  +  +  + 

(5)  .  .  1  „  +  0-012  +  0-4  +    0-2  =    +  + 

(6)  .  .  1  „  +  0-012  +  0-35  +    0  2.5  =    + 

(7)  .  .  1  „  +  0-012  +  0  +0-6=0 

Tlie  mixtures  were  keiit  at  'iV  C.  for  1  i  hour. 

In  the  serum  obtained  before  (as  well  as  after)  injection  the 
M.H.D.  of  complement  could  not  be  determined  exactly — complete 
htemolysis  not  having  occurred  in  the  above  set  of  tubes,  and  there  not 
being  enough  of  serum  left  in  either  case  to  do  a  further  set.  But 
0'6  c.c.  of  the  1  in  3  dilution  of  complement  with  0-012  c.c.  of  the 
diluted  heated  immune  serum  produced  almost  complete  haemolysis  in 
1  c.c.  of  a  1  per  cent,  suspension  of  ox  blood  corpuscles,  while  O'So  c.c 
of  the  diluted  complement  produced  a  trace  in  a  similar  mixture.  In 
the  serum  obtained  after  injection  the  series  of  tubes  prepared  in 
exactly  the  same  way  in  every  detail  show  exactly  the  same  result. 
If  we  take  O'T  c.c.  of  the  diluted  complement  as  the  M.H.D.  for  1  c.c- 
1  per  cent,  suspension  of  ox  blood  corpuscles,  then  the  2  c.c.  of  ox  blood 
corpuscles  injected  ought  to  have  used  up  46  c.c.  of  complement ; 
while,  taking  the  blood  volume  as  4-85  per  cent,  of  the  body  weight 
and  the  complement  =  50  per  cent,  of  the  blood,  the  total  complement 
in  the  rabbit  must  in  reality  have  been  about  48  c.c. 

Experiment  2. 

R.VDBIT,  female ;  wuight,  2220  .,L,'rms.  ;  ox  blood  corpuscles  washed  six 
times  ;  M.H.D.  of  heated  immune  body  to  sensitise  them  -vvas  0-01  c.c.  of  a  1  in 
6  dilution  for  2  c.c.  of  a  1  per  cent,  suspension  of  ox  blood  corpuscles.  The 
rabbit  was  bled  from  the  ear  vein  to  the  extent  of  15  c.c. ;  and  then 
immediately  a  mixture  of  3  c.c.  corpuscles +  0"24  c.c.  heated  immune  serum 
+  2  c.c.  .saline,  which  had  been  kept  at  37'  C.  for  one  and  a  half  hour  was 
injected  into  the  ear  vein.  This  animal  again  showed  no  symptoms  of  distress 
after  injection,  and  one  and  a  half  hour  after  injection  15  c.c.  blood  were 
again  drawn  from  the  ear  vein.  The  sera  were  allowed  to  separate  as  before, 
and  the  JI.II.D.  determined  as  before.  The  serum  after  injection  was  again 
darkly  haemoglobin  tinged. 


Determination  of  Complement. 

Complement  was  undiluted  ;  heated  immune  serum  was  dihitod  1  in  0 
with  0-85  per  cent,  saline.  ^I.H.D.  for  2  c.c.  1  per  cent,  suspension  of  ox 
blood  corpuscles  =  0-01  c.c.  ;  1  per  cent,  suspension  of  ox  blood  corpuscles  was 
used. 
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Before  Injection. 


1  per  cen 

0-85 

Suspeiisiou      H.I.S. 

Conipt. 

per  ceut. 

O.B.C. 

Valine. 

(1)  • 

2c.c. 

+   0-01 

+ 

0-5 

+ 

0 

= 

C.i 

(2)     . 

2 

+   0-01 

+ 

0-45 

+ 

0-05 

= 

c. 

(3)     . 

2 

+   0-01 

+ 

0-4 

+ 

0-1 

= 

c. 

(4)     . 

2 

+    0-01 

+ 

0-375 

+ 

0-125 

= 

c. 

(5)     . 

2 

+   0-01 

+ 

0-35 

+ 

0-15 

= 

c. 

(6)     . 

2 

+   0-01 

+ 

0-325 

+ 

0175 

= 

c. 

(7)     . 

2 

+   0-01 

+ 

0-3 

+ 

0-2 

= 

c. 

(8)     . 

2 

+   0-01 

+ 

0-25 

+ 

0-25 

= 

+  +  +  + 

(9)     . 

2 

+   0-01 

+ 

0-2 

+ 

0-3 

= 

+  4-  +  + 

(10)     . 

2 

+   0-01 

+ 

0 

+ 

0-5 

= 

0 

1  C.  =li  hour  at  37°  C. 


After  Ixjectiox. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 
(10) 


+  0-01 

+  0-01 

+  0-01 

-i-  0-01 

+  0-01 

-+-  0-01 


+   0-5 
+    0-45 
+    0-4 


+    0 
+    0-05 
+    0-1 


+   0-375   +   0-125 


+   0-35 
+   0-325 


+   0-01    +   0-3 


-r   0-01 
+   0-01 


+   0-25 
+    0-2 
-t-  0-01    +   0 

li  hour  at  37'  G. 


0-15 

0-175 

0-2 

0-25 

0-3 


+   0-5 


C. 
C. 
C. 
C. 

c. 
c. 
c. 

+  +  +  + 
+  +  +  + 
0 


The  M.H.D.  of  complement  before  injection  for  2  c.c.  1  per  cent, 
ox  blood  corpuscle  suspension  sensitised  -with  O'Ol  c.c.  of  a  dilution  of 
1  in  6  heated  immune  serum  is  therefore  O'S  c.c,  and  the  M.H.D.  of 
complement  after  injection  under  the  same  circumstances  is  exactly 
the  same ;  and  the  results  of  the  two  series  of  determinations  is 
exactly  the  same  in  every  detail.  Here,  if  0-3  c.c.  complement  is 
taken  as  the  M.H.D.  of  complement  for  2  c.c.  of  a  1  per  cent, 
suspension  of  ox  blood  corpuscles,  then  the  3  c.c.  ox  blood  corpuscles 
injection  ought  to  have  used  up  45  c.c.  complement,  and,  calculated  as 
before,  the  animal  1  icing  a  doe,  the  total  amount  of  complement 
present  in  its  body  amounted  to  58  c.c. 

Seuies  II. 

To  determine  the  change  in  complement  content  of  the  serum  of 
a  fresh  ral>bit,  after  injection  intravenously  of  ox  blood  corpuscles 
sensitised  to  saturation,  the  possibility  of  which  was  originally  pointed 
out  by  Ehrlich  and  ]\Iorgenrotii  (1900).  An  example  of  the  method 
of  obtaining  saturation  of  corpuscles  may  be  here  given. 

The  !M.H.D.  of  heated  immune  serum  for  2  c.c.  1  per  cent.  8USi)ension  of 
ox  blond  corpuscles  ia  0-05  c.c.  of  a  1  in  6  dilution  when  the  mixture  is  fully 
complcmentcil.  <  )nc  per  cent,  ox  blood  corpuscle  suspension  used.  Com- 
plement added  in  oxces,s  undiluted. 


IN  \"l\-0  EXFERIME.XTS  WITH  COMPLEMENT. 


523 


(1) 
(2) 
(3) 
(i) 
(5) 
(6) 


Ox  Blooil 
Corpuscle 

Suspensiou. 


H.I.S. 


-h   0-05  c.c.  (1  M.H.D.) 


0-1 

0-15 

O-i'O 

0-25 

0-30 


(3 
(4 

(5 
(6 


Saline. 

025  c.c. 
0-20  „ 
0-15  „ 
0-1  „ 
0-05  „ 
0 


Incubated  one  and  a  half 
hour  at  37  "C;  then  cen- 
trifugalised  and  super- 
natant fluid  added  to 
deposit  from  2  c.c.  1  per 
cent,  suspension  of  fresh 
ox  blood  corpuscle. 


Superuatant  Fluiil 

+  Fresh  Ox  Blood 

Corpuscles. 


Complement. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


2  c.c.    +    0"5  c.c. 


0-5 
0-5 
0-5 
0-5 
0-5 


0 
0 

+ 

+  +  + 

C. 

c. 


This  mixture  was  kept  in  the  incubator  at  37°  C.  for  one  and  a  half  hour. 
It  will  be  seen  that  the  corpuscles  took  up  at  least  2  M.H.D.  of  heated 
immune  serum. 

Experiment  1. 

Rabbit,  doe;  weight,  1460  grms. ;  ox  blood  corpuscles  washed  six  times. 
M.H.D.  of  the  heated  immune  serum  used  was  0-05  of  a  1  in  6  dilution  for 
2  c.c.  I  per  cent,  suspension  of  ox  blood  corpuscles.  For  saturation  the 
corpuscles  were  given  3  M.H.D. 

The  rabbit  was  bled  to  the  extent  of  15  c.c.  It  was  then  injected 
intravenously  with  a  mixtm-e  of  3'48  c.c.  heated  iuimune  serum  (  =  3  M.H.D.) 
-l-2*8  c.c.  corpuscles.  The  mixture  had  been  kept  in  the  incubator  for  one 
and  a  half  hour  and  the  whole  mixture  (heated  immune  serum  and  cor- 
puscles) was  injected.  After  injection  the  rabbit  was  quite  lively,  and  showed 
no  symptoms  of  distress.  A  sample  of  blood  was  removed  again  in  one  and  a 
half  hour.  The  sera  were  allowed  to  separate  as  before.  The  serum  obtained 
after  injection  was  deeply  ha;moglobin  tinted. 

To  determine  the  ^NI.H.D.  of  complement.  Complement  was  undiluted; 
heated  immune  serum  was  diluted  1  in  6;  M.H.D.  =0-05  c.c,  for  2  c.c.  1 
per  cent,  suspension  of  ox  blood  corpuscles.  One  per  cent,  suspension  of  ox 
blood  corpuscles  used. 


Before  Injection. 


1  per  cent. 

Suspension 

O.B.C. 

H.I.S. 

Compt. 

Saline. 

(1)  • 

2  c.c. 

-1- 

0-05    -f 

0-5 

-1- 

0 

= 

-f  -)-  -f 

(2)     . 

2 

+ 

0  05    + 

0-4 

+ 

0-1 

= 

-(-  -1-  -1- 

(3)     . 

2    ,, 

-h 

0-05    -f 

0-35 

-f 

0-15 

= 

-1-  H- 

(■t)     . 

2    „ 

•*- 

0-05    -t- 

0-3 

-h 

0-2 

= 

4-  -t- 

(5)     . 

2 

-h 

0-05    -(- 

0-25 

-1- 

0-25 

= 

-1- 

(6)     . 

2 

-H 

0-05    ■(- 

0-2 

-f 

0-3 

= 

0 

(7)     . 

2 

-1- 

0-05    H- 

0-15 

-f 

0-35 

= 

0 

(^^)     ■ 

o 

+ 

0-05   + 

0-1 

+ 

0-4 

= 

0 

(9)     . 

2    „ 

-H 

0-05    -f 

0 

-t- 

0-5 

= 

0 

li  hour  at  37°  C 
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After  Injection. 


1  per  ceut. 

Suspension 

O.B.C. 

H.I.S. 

Compt. 

valine. 

(1)  ■ 

.     2  c.c. 

+ 

0-05 

+ 

0-5 

+ 

0 

= 

+  +  + 

(2)  . 

2 

+ 

0-05 

+ 

0-4 

+ 

0-1 

= 

+  +  + 

(3)     . 

•     ^    1. 

+ 

0-05 

+ 

0-35 

+ 

0-15 

= 

+  + 

(4)     . 

2 

+ 

0-05 

-f- 

0-3 

+ 

0-2 

= 

+  + 

(5)     . 

2 

-f 

0-05 

4- 

0-25 

+ 

0-25 

= 

+ 

(6)     . 

2 

+ 

0-05 

+ 

0  2 

+ 

0-3 

= 

0 

(7)     . 

2 

+ 

005 

+ 

0-15 

+ 

0-35 

= 

0 

(8)     ., 

2 

+ 

0  05 

+ 

0-1 

+ 

0-4 

= 

0 

(9)     . 

2 

+ 

0-05 

+ 

0 

+ 

0-5 

= 

0 

11  hour  at  37"  C. 

Thus  in  the  serum  obtained  before  injection  the  M.H.D.  of 
complement  is  not  arrived  at  in  the  extent  of  the  experiment,  but 
htemolysis  is  seen  to  start  witli  0  2  5  c.c.  complement.  In  the  serum 
obtained  after  injection  haemolysis  starts  also  with  0*25  c.c. 
complement,  and  the  two  series  of  results  are  exactly  the  same  in 
every  respect.  Here,  if  0'6  c.c.  complement  be  taken  as  the  M.H.D. 
of  complement  for  2  c.c.  1  per  cent,  ox  blood  corpuscle  suspension, 
then  the  2'8  c.c.  of  ox  corpuscles  injected  ought  to  have  used 
up  84  c.c.  of  the  complement,  and,  calculated  as  before,  the  total 
amount  of  complement  present  in  the  animal's  body  onl}'  amounted 
to  38-6  c.c. 


Experiment  2. 

R.\BBIT,  buck,  weight,  2220  grms.  Ox  blood  corpuscles  were  washed  six 
times.  M.H.D.  of  the  heated  immune  serum  was  O'Ol  c.c.  of  a  1  in  6  dilution 
for  1  c.c.  of  a  1  per  cent,  suspension.  For  saturation  the  corpuscles  were 
given  6  M.H.D.  of  the  heated  immune  serum. 

The  rabbit  was  bled  to  the  extent  of  15  c.c.  It  was  then  injected 
intravenou.sly  with  a  mixture  of  4  c.c.  heated  immune  serum  (6  M.H.D.) +  4 
c.c.  ox  blood  corpuscles  which  had  been  incubated  for  one  and  a  half  hour  at 
37°  C.  The  rabbit  showed  great  dy?pncea  after  injection,  and  was  lying  down 
in  great  distress.  It  recovered  a  little,  and  was  living  at  the  end  of  one  and  a 
lialf  hour.  At  this  time  blood  was  obt;iinod  from  the  internal  jugular. 
I'o.st-mortem,  there  were  a  few  hsemorrhages  in  the  lung,  and  a  few  petechisB 
Rubperitoneally.  The  urine  contained  .abundant  hasmoglobin.  The  cor- 
puscular suspension  used  for  injection  contained  minute  llocculi  visible  to  the 
naked  eye,  and  this  may  exi)lain  the  symptoms  and  iiosl-mortem  appearances. 
There  was  no  air  in  the  heart.  The  sera  were  allowed  to  separate  as  before. 
The  serum  after  injection  was  deeply  hemoglobin  tinted.  The  ^f.H.D.  of  the 
i;ompIement  was  then  dcternnnod.  In  this  determination  complement  was 
used  undiluted  ;  heated  immune  serum  was  diluted  1  in  6,  of  wliich  M.H.D. 
=  0"01  c.c.  for  1  c.c.  1  per  cent.  sus])ension  of  ox  blood  corpuscles ;  1  per  cent, 
suspension  of  ox  blood  corpuscles  used. 
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CoMrLEMENT    BEFORE    InJECTIOX. 


1  per  cent. 

Suspension 

H.I.S 

Coiupt. 

Saline. 

O.B.C. 

(1)  ■ 

1  c.c. 

+ 

0-01 

+ 

0-4 

+ 

0 

= 

C. 

(2)     . 

1     J, 

+ 

001 

+ 

0-35 

+ 

0-05 

= 

c. 

(3)     . 

1     ,, 

+ 

001 

+ 

0-03 

+ 

0-01 

= 

c. 

(4)     • 

1     ,, 

+ 

0-01 

+ 

0'25 

+ 

0-15 

= 

c. 

(5)     . 

1        M 

+ 

0-01 

+ 

0-02 

+ 

002 

= 

c. 

(6)     . 

1     ,, 

4- 

001 

+ 

0-15 

+ 

0-25 

= 

c. 

(7)     . 

1     ,J 

+ 

0-01 

+ 

0-1 

+ 

0-3 

= 

c. 

(8)     . 

1     ,, 

+ 

0-01 

+ 

0-05 

+ 

0-35 

= 

+  +  -f  + 

(9)     . 

1    ,, 

-^ 

0-01 

+ 

0-025 

+ 

0-375 

= 

+ 

(10)     . 

" 

+ 

0-01 

+ 

Dur 

0 
at  37°  C 

+ 

0-4 

^ 

0 

Aftek  Injection. 

(1)     • 

+ 

0-01 

+ 

0-4 

+ 

0 

= 

c. 

(2)     . 

1   J, 

+ 

0-01 

+ 

0-35 

+ 

005 

= 

c. 

(3)     . 

1    ,, 

+ 

0-01 

+ 

0-3 

+ 

0-1 

= 

c. 

(4)     . 

1     J, 

+ 

0-01 

+ 

0-25 

+ 

0-15 

= 

c. 

(5)     ■ 

+ 

0-01 

+ 

0-2 

4- 

0-2 

= 

c. 

(6)     . 

1     ,, 

+ 

001 

+ 

0-15 

+ 

0-25 

= 

c. 

(7)     . 

1    ,, 

+ 

001 

+ 

0-1 

+ 

0-3 

= 

c. 

(8)     . 

1     ,J 

+ 

0-01 

+ 

0-05 

+ 

0-35 

= 

+  +  +  + 

(9)     . 

1     ,, 

+ 

0-01 

+ 

0-025 

+ 

0-375 

= 

+ 

(10)     . 

1  ,- 

+ 

0-01 

31U- 

0 

at  37"  C 

+ 

0-4 

= 

0 

Thus  iu  the  serum  oljtained  before  injection  the  M.H.D.  of 
complement  for  1  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles 
sensitised  with  Q-Ql  c.c.  of  the  diluted  treated  immune  serum  is  0*1  c.c. 
In  the  serum  obtained  after  injection  the  M.H.D.  of  the  complement 
is  the  same.  Here,  if  we  take  Q-l  c.c.  complement  as  the  M.H.D.  of 
complement  for  1  c.c.  of  1  per  cent,  suspension  of  ox  blood  corpuscles, 
then  the  4  c.c.  corpuscles  injected  ought  to  have  used  up  40  c.c. 
complement,  and  the  amount  of  complement  present  in  the  blood  of 
the  rabbit  calculated  as  before  is  53-8  c.c. 


Series  III. 

To  determine  the  change,  if  any,  in  complement  content  of  the 
serum  of  a  fresh  rabbit  after  injection  intravenously  of  \mscnsitiscd  ox 
blood  corpuscles. 

Experiment  1. 

Rabbit,  buck ;  weight,  2320.  Its  serum  contained  no  lysin  for  ox  blood 
corpuscles.  The  rabbit  was  bled  to  the  extent  of  16  c.c.  It  was  then  injected 
intravenously  with  4  c.c.  ox  blood  corpuscles +  2  c.c.  saline.  It  showed  no 
symptoms  of  distress,  and  one  and  a  half  hour  after  injection  it  was  blod  again 
to  the  extent  of  15  c.c.  The  sera  were  separated  as  before.  Tlie  serum 
obtained  after  injection  had  only  the  slightest  hiemoglobin  tint. 
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Determination  of  the  M.H.D.  of  Com2}lcment. 

Complement  was  used  undiluted  ;  heated  immune  serum  was  diluted  1  in  6 
M.H.D.  for  2  c.c.  One  per  cent,  suspension  of  ox  blood  corpuscles  =  0"06  of  a 
suspension  1  in  6  dilution.     One  per  cent,  .suspension  of  ox  blood  corpuscles  used. 


Before  Injection. 


1  per  cent. 

Suspensions 

O.B.C. 

H.l.S. 

CoraiJt. 

Saline. 

(1)  • 

2  c.c. 

+ 

0-06 

+    0-.5 

+ 

0 

= 

C. 

(2)     . 

2    „ 

+ 

0-06 

+    0-4.5 

+ 

0-05 

= 

c. 

(3)     . 

2    „ 

+ 

0-06 

+    0-4 

+ 

0-1 

= 

c. 

(4)     . 

2 

+ 

0-06 

+   0-35 

+ 

0-15 

= 

c. 

(5)     . 

2 

+ 

0-06 

+   0-3 

+ 

0-2 

= 

c. 

(6)     . 

2 

+ 

0-06 

+    0-25 

+ 

0-25 

= 

c. 

(7)     . 

2 

+ 

0-06 

+    0-2 

+ 

0-3 

= 

c. 

(8)    . 

2 

+ 

0-06 

+    0-15 

+ 

0-35 

= 

+  +  +  + 

(9)     . 

2 

+ 

0-06 

+    0-1 

+ 

0-4 

= 

+  +  + 

(10)     . 

2 

+ 

0'06 

+   0 

+ 

0-5 

= 

0 

1^  liour  at  37°  C. 

After 

In.jection. 

(1)     • 

2  c.c. 

+ 

0-06 

+   0-5 

+ 

0 

= 

c. 

(2)     . 

2 

+ 

006 

+   0-4.5 

+ 

0-05 

= 

c. 

(3)     . 

2 

+ 

0  06 

+   0-4 

+ 

0-1 

= 

c. 

(4)     . 

2 

+ 

0-06 

+   0-35 

+ 

0-15 

= 

c. 

(5)     . 

2 

+ 

0-06 

+    0-3 

+ 

0-2 

= 

c. 

(6)     . 

2 

+ 

0-06 

+    0-25 

+ 

0-25 

= 

c. 

(7)    . 

2 

+ 

0-OG 

+    0-2 

+ 

0-3 

= 

c. 

(S)    • 

2   ,',' 

+ 

0-06 

+    0-15 

+ 

0-35 

= 

+  +  +  + 

(9)     . 

2 

+ 

0-06 

+    0-1 

+ 

0-4 

= 

+  +  + 

(10)     . 

2 

+ 

0-06 

+    0 

+ 

0-5 

= 

0 

U  houi-iit  37"  C. 

Thus  in  the  serum  obtaiued  before  injection  the  M.H.D.  of  comple- 
ment for  2  C.C.  1  per  cent,  suspension  of  ox  blood  corpuscles  is  0-2  c.c, 
and  in  the  serum  obtained  after  injection  the  M.H.D.  is  the  same. 
Here,  if  we  take  0-2  c.c.  complement  as  the  M.H.D.  of  complement  for 
2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles,  then  the  4  c.c.  ox 
blood  corpuscles  injected  might  have  used  up  40  c.c.  complement, 
and  the  amount  of  complement  present  in  the  blood  of  the  rabbit 
calculated  as  l)efore  amounts  to  5G  c.c. 


Experiment  2. 

Rauiut,  buck;  weiglil,  1900  grms.  Serum  contains  normally  no  lysin  for 
ox  blood  corpuscles.  Tlie  rabbit  wa.s  bird  to  the  extent  of  15  c.c.  It  was 
then  injected  intravenously  with  3  c.c.  ox  blood  corpuscles  +  2  c.c.  .saline.  It 
showed  no  signs  of  distress.  One  and  a  half  hour  after  injection  it  was  bled 
again  to  the  extent  of  15  c.c.  The  .sera  were  then  separated  as  before.  The 
."crum  obtained  after  injection  bad  only  the  sliglitest  lia'mogi>bIin  tint. 
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Determination  of  the  M.H.D.  of  Com'plement. 

Complement  undiluted.  Heated  immune  serum  was  diluted  1  in  6  ;  of 
which  M.H.D.  for  2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles  =  006 
C.C.     One  per  cent,  suspension  of  ox  blood  corpuscles  used. 


Before  Injection. 


1  per  cent 

Snspensioi 

H.I.S. 

Compt. 

Saline. 

O.B.C. 

(1)      • 

2  c 

c.    +   0-06 

+   0-5 

+ 

0 

= 

C. 

(2)     • 

2 

,      +   006 

+   0-45 

+ 

0-05 

= 

c. 

(3)     . 

2 

,      +   0-06 

+    0-4 

+ 

0-1 

= 

c. 

(4)     . 

2 

,     +   0-06 

+    0-3.5 

+ 

0-15 

= 

c. 

(5)     . 

2 

,     +   0-06 

+    0-3 

+ 

0-2 

= 

c. 

(6)     . 

2 

,      +   0-06 

+   0-25 

+ 

0-2.5 

= 

c. 

(7)     • 

2 

,      +   0'06 

+   0-2 

+ 

0-3 

= 

+  + 

(8)     . 

2 

,      +   0-06 

+    0-1.5 

+ 

0-.35 

= 

+  ?1 

(9)     . 

2 

,      +   006 

+    0-1 

+ 

0-4 

= 

+  ? 

(10)     . 

2 

,      +   0.06 

U  hour  a 

+    0 
t  37=  C. 

+ 

0-5 

^ 

0 

After  Injection. 

(1)     • 

2c 

c.    +   0-06 

+    0-5 

+ 

0 

= 

c. 

(2)     . 

2 

,      +   0-06 

+    0-45 

+ 

0-05 

= 

c. 

(3)     . 

2 

,      +    006 

+   0-4 

+ 

0-1 

= 

c. 

(*)     • 

2 

,      +    0-06 

+   0-35 

+ 

0-15 

= 

c. 

(5)     . 

2 

,      +   0-06 

+   0-3 

+ 

0-2 

= 

c. 

(€)     . 

2 

,     +   0-06 

+   0-25 

+ 

0-25 

= 

c. 

(7)     . 

2 

,      +   0-06 

+   0-2 

+ 

0-3 

= 

-f  + 

(8)     . 

2 

,      +   0-06 

+   0-15 

+ 

0-35 

= 

+  ?' 

(9)     . 

2 

,      +   0-06 

+   0-1 

+ 

0-4 

--= 

+  ? 

(10)     . 

2 

,      +   0-06 

+   0 

4- 

0-5 

= 

0 

li  hour  at  37°  C. 

Thus  in  the  serum  obtained  befoi-e  injection  the  M.H.D.  of  comple- 
ment for  2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles  is  0-25 
c.c.  In  the  serum  obtained  after  injection  the  M.H.D.  is  the  same. 
Here,  if  we  take  0-25  c.c.  as  the  M.H.D.  of  complement  for  2  c.c.  1 
per  cent,  suspension  of  ox  blood  corpuscles,  then  the  3  c.c.  corpuscles 
injected  might  have  used  up  37-5  c.c.  complement ;  and  the  amount 
of  complement  present  in  the  blood  of  the  rabbit  calculated  as  before 
amounts  to  46  c.c. 


Series  IV. 
To  determine  the  change  in  complement  content  of  the  serum  of 
an  immune  rabbit  after  iujection   intravenous!}'  of  completehf  saturated 
ox  blood  corpuscles 

In  determining  the  M.H.D.  of    the    complement  in  the  immune 
rabbit,    after    the    injection    of    corpuscles    the    ox    blood    corpuscles 
'  Trace  of  liseniolysis  doubtful. 


528 


/.  P.   M' GO  WAN. 


were  saturated  with  heated  immune  body  (as  compared  with  their 
being  merely  sensitised,  as  was  done  in  the  fresh  rabbits).  This  was 
in  order  to  make  them  independent  of  the  immune  body  in  the  serum 
whose  complement  was  to  be  determined.  The  otlier  steps  were  the 
same  as  for  the  determination  of  M.H.D.  of  complemeut  in  fresh  rabbits. 

Experiment  1. 

Rabbit,  buck;  weight,  2150  grms.  This  rabbit  had  been  immunised 
for  several  weeks,  and  its  serum  contained  immune  body  to  such  an  amount 
that  0'005  CO.  when  fully  complemented  hfemolysed  completely  2  c.c.  of  a  1 
per  cent,  suspension  of  ox  blood  corpuscles.  The  heated  immune  serum  used 
for  saturating  the  corpuscles  had  a  M.H.I),  for  2  c.c.  1  per  cent,  suspension  of 
ox  blood  corpuscles  of  O'Ol  c.c. ;  for  saturation  the  corpuscles  took  up  3 
M.H.D.  The  rabbit  was  bled  to  the  extent  of  15  c.c.  It  was  then  injected 
intravenously  with  a  mixture  of  4 '5  c.c.  heated  immune  serum  (  =  3  M.H.D.)  + 
3  c.c.  ox  blood  corpuscles.  The  mixture  had  been  kept  in  the  incubator  for 
one  and  a  half  hour  at  37°  C.  The  rabbit  was  very  ill  after  injection  and 
was  dying  when,  after  one  and  a  half  hour,  blood  was  obtained  from  its 
jugular.  The  serum  was  allowed  to  separate  as  before.  The  serum  after 
injection  was  darkly  hemoglobin  stained. 

Determination  of  the  M.H.D.  of  ComiJkmcnt. 

Complement  was  undiluted.  Heated  immune  serum  was  diluted  1  in  6. 
M.H.D.  =0'06  for  2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles.  Three 
M.H.D.  used  to  each  tube  to  saturate  tlie  corpuscles  and  make  them  inde- 
pendent of  the  immune  body  in  the  serum  whose  complement  was  to  be 
determined. 

Before  Ik.iection. 


1  per  ceut 

Suspension 

H.I.S. 

Colli])!. 

Saline. 

O.B.C. 

(1)  . 

2  CO. 

+ 

0-18 

+ 

0-5 

+ 

0 

= 

C. 

(2)     . 

2 

+ 

0-18 

+ 

0-45 

+ 

005 

= 

c. 

(3)     . 

2 

+ 

0T8 

+ 

0-4 

+ 

0-1 

= 

c. 

(4)     . 

2 

+ 

018 

+ 

0-375 

+ 

0-125 

= 

c. 

(5)     . 

2 

+ 

0-18 

+ 

0-35 

+ 

0-15 

= 

c. 

(6)     . 

2   ',! 

+ 

0-18 

+ 

0-32 

+ 

0-175 

= 

c. 

(7)     . 

2 

+ 

0-18 

+ 

0-3 

+ 

0-2 

= 

c. 

{'^)     • 

2    ,, 

4- 

0-18 

+ 

0-25 

+ 

0-25 

= 

c. 

(9)     . 

2 

+ 

0-18 

+ 

0'2 

+ 

0-3 

= 

c. 

(10)     . 

2 

+ 

0-18 

+ 

0 

+ 

0-5 

= 

0 

(11)     . 

2 

+ 

0-18 

+ 

0-15 

-+- 

0 

= 

c. 

(12)     . 

2 

+ 

0-18 

+ 

01 

+ 

0-05 

= 

+  +  +  + 

(13)     . 

2    !! 

+ 

0-18 

+ 

0-09 

+ 

006 

= 

+  +  +  + 

(14)     . 

2    ,, 

+ 

0-18 

-1- 

0-08 

+ 

0-07 

= 

+  +  +  + 

(15)     . 

2    ,, 

-i- 

0-18 

+ 

0-07 

+ 

0-08 

= 

+  +  4-  4- 

(16)     . 

2   „ 

+ 

0-18 

+ 

006 

+ 

0-09 

= 

4-  +  +  4- 

(17)     . 

2 

+ 

0-18 

+ 

O-Oo 

+ 

0-1 

= 

4-  +  + 

(18)     . 

2 

+ 

0-18 

+ 

004 

+ 

0-11 

= 

4-  +  4- 

(19)     . 

2   ,',' 

+ 

018 

+ 

0  03 

+ 

0-12 

= 

4-? 

(20)     . 

2    „ 

+ 

018 

+ 

0 

+ 

0-15 

= 

0 

IJ  hour  at  37°  C 

I 
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After  Injection. 


1  per  cent. 

Suspensiou 

H.I.S. 

Conipt. 

Saliue. 

O.B.C. 

(1) 

.     .     2  C.C. 

+ 

0-18 

+ 

0-6 

+ 

0 

= 

+  +  + 

(2) 

2 

+ 

O'lS 

+ 

0-5 

+ 

0-1 

= 

+  +  + 

(3) 

2 

+ 

O'l.S 

+ 

0-4 

+ 

0-2 

= 

+  + 

(i) 

2 

+ 

0-18 

+ 

0-3 

+ 

0-3 

= 

+  + 

(5) 

■2 

+ 

0-18 

+ 

0-2 

T- 

0-4 

= 

+ 

(6) 

2    ,, 

+ 

0-18 

+ 

0-15 

+ 

0 

= 

+ 

(") 

2 

+ 

9'18 

+ 

0-1 

+ 

0-05 

= 

1 

(8) 

2 

+ 

0-18 

h 

009 

+ 

0-06 

= 

? 

(9) 

2 

+ 

01 8 

4- 

0-08 

+ 

0-07 

= 

? 

(10) 

2 

+ 

0-18 

+ 

0-or 

+ 

0-08 

= 

0 

(11) 

2 

+ 

0-18 

+ 

0-06 

+ 

0-09 

= 

0 

(12) 

2 

+ 

0-18 

+ 

0  05 

+ 

001 

= 

0 

(13) 

2 

+ 

0-18 

+ 

0-04 

+ 

0-11 

= 

0 

(U) 

2 

+ 

0-18 

+ 

0-0.3 

+ 

0-12 

= 

0 

(15) 

2   „ 

+ 

0-18 

+ 

0 

+ 

0-15 

= 

0 

1^  hour  at 

37°  C. 

Thus  iu  the  serum  obtained  before  iujection  the  M.H.D.  of  comple- 
ment for  2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles  is  0'15 
C.C. ;  while  in  the  serum  after  injection  0-6  c.c.  of  complement  does 
not  produce  nearly  complete  hiiemolysis  in  a  like  quantity  of  the 
suspension.  Here,  if  we  take  O'lo  c.c.  as  the  M.H.D.  of  complement 
for  2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles,  then  the  3  c.c. 
corpuscles  ought  to  have  used  up  22-5  c.c.  of  the  complement ;  and 
the  amount  of  complement  present  in  the  lilood  of  the  rabljit  calculated 
as  before  amounts  to  52  c.c. 

Experiment  2. 

R.-iBBiT,  buck  ;  weight,  2250  gnus.  This  rabbit's  serum  contained  immune 
body  to  such  an  extent  that  O'Ol  c.c.  serum  when  fully  complemented 
completely  hfemolysed  2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles.  For 
saturation  the  corpuscles  took  up  3  M.H.D.  of  heated  immune  serum.  The 
rabbit  was  bled  to  the  extent  of  15  c.c.  Then  a  mixture  of  4  c.c.  ox 
corpuscles +  6  c.c.  heated  immune  serum  (3  JI.H.D.)  was  injected  intra- 
venously. The  mixture  had  been  kept  one  and  a  half  hour  in  the  incubator. 
The  rabbit  had  great  dyspnoea  and  distress,  and  died  a  few  minutes  before  the 
expiration  of  tlie  one  and  a  half  hour  it  was  to  be  allowed  to  live.  lUood  was 
obtained  from  the  heart.  Post-mortem  it  showed  a  large  infarction  of  the 
small  intestine.  The  serum  was  allowed  to  separate  as  before.  The  serum 
obtained  after  injection  was  darkly  haemoglobin  tinted. 


Determination  of  the  M.H.D.  of  Comjjlctnent. 

Complement  was  undiluted.  Heated  immune  .scrum  was  diluted  1  in  6 ; 
3  M.H.D.  were  used  to  saturate  the  corpuscles  to  make  them  independent  of 
the  immune  body  in  the  serum  whoso  complement  was  to  \w  doteruuned. 
M.Ii.  I),  of  immune  body  for  2  c.c.  1  per  cent,  suspension  of  ox  blood 
corpuscles  =  0-06  of  a  1  in  6  dilution. 
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Complement  before  Injection. 


1  per  cent. 

Suspension 

O.B.C. 

H.I.S. 

Conipt. 

Saline. 

(1)      ■ 

2  c.c. 

+ 

0-18 

+ 

0-5 

+ 

0 

= 

C. 

(2)     . 

2    „ 

+ 

0-18 

+ 

0-4 

+ 

0-1 

= 

c. 

(3)     . 

2 

+ 

0-18 

+ 

0-3 

+ 

0-2 

= 

c. 

(4)     • 

2 

+ 

0-18 

+ 

0-2 

+ 

0-3 

= 

c. 

(5)     . 

2 

+ 

0-18 

+ 

0-1 

+ 

0-4 

= 

c. 

(6)     . 

2 

+ 

0-18 

+ 

0-08 

+ 

C-42 

= 

+  +  +  + 

(7)     . 

2 

+ 

018 

+ 

0-06 

+ 

0-44 

= 

+  + 

(8)     . 

2    [' 

+ 

0-18 

+ 

0-04 

+ 

0-46 

= 

+ 

(9)     . 

2 

+ 

0-18 

+ 

0-01 

+ 

0-49 

= 

0 

(10)     . 

2  !! 

+ 

0-18 

+ 

0 

+ 

0-.3 

= 

0 

\\  hour  at  37°  C. 

Complement 

AFTER  Injection. 

(1)     ■ 

2  c.c. 

+ 

0-18 

+ 

0-5 

+ 

0 

= 

+  +  + 

(2)     • 

2   „ 

+ 

0'18 

+ 

0-4 

+ 

0-1 

= 

+  + 

(3)     . 

2    „ 

+ 

0-18 

+ 

0-3 

+ 

0-2 

= 

+  + 

(4)     . 

2 

+ 

0-18 

+ 

0-2 

+ 

0-3 

= 

+ 

(5)     • 

2 

+ 

018 

+ 

0-1 

-j- 

0-4 

= 

0 

(6)     . 

2 

+ 

0-18 

+ 

0-08 

+ 

0-42 

= 

0 

(■)     • 

2    !,' 

+ 

018 

+ 

006 

+ 

0-44 

= 

0 

{^)     ■ 

2 

+ 

0-18 

+ 

0-04 

4- 

0-46 

= 

0 

(9)     . 

2 

+ 

0-18 

+ 

0-01 

+ 

0-49 

= 

0 

(10)     . 

2    „ 

+ 

0-18 

+ 

0 

+ 

0-5 

= 

0 

U  hour  at  37'  C. 

ThiLs  in  the  serum  obtained  before  injection  the  M.H.D.  of  comple- 
ment for  2  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles  is  0"1  c.c, 
while  in  the  serum  obtained  after  injection  Q-o  c.c.  complement 
produced  practically  only  about  half  hsemolysis.  Here,  if  we  take  O'l 
c.c.  as  the  M.H.I),  of  complement  for  2  c.c.  1  per  cent,  suspension  of 
ox  blood  corpuscles,  then  the  4  c.c.  ox  corpuscles  injected  ought  to 
have  used  up  20  c.c.  of  complement;  and  the  amount  of  complement 
present  in  the  blood  of  the  rabbit,  calculated  as  before,  amounts  to 
54  c.c. 

Sehiks  Y. 

To  determine  the  change  in  complement  content  of  an  immune 
rabbit  after  intravenous  injection  of  fresh  unseusitised  ox  blood 
corpuscles. 

Experiment  1. 

Kabhit,  buck;  weight,  2130  grm.s.  Tlii.s  nilibit  liailbeoii  immunised  for 
about  si,\  monlli.s  with  ox  blood  corpuscles.  The  M.H.D.  of  it.s  inninine  body 
for  2  c.c.  1  per  cent,  .suspon.sion  of  ox  blood  corpuscli'.s  fully  complemented 
was  00025  c.c. 

The  rabbit  wa.s  bled  to  tlie  extent  of  15  c.c.  Then  4'5  c.c.  ox  blood 
corpuscles  +  2  c.c.  saline,  warmed  in  the  incubator,  were  injected  into  tlie  ear 
vein.  The  rabbit  died  in  live  ndnutes.  ro.st-niortem  there  was  no  air  found 
in  the  heart  ami  no  lesion  was  seen  in  any  of  the  organs.     Tlie  liver,  lung, 
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spleen,  and  kidney  were  examined  microscopically  and  no  signs  of  infarction 
seen.  Blood  was  obtained  from  the  heart.  The  sera  were  separated  as  before. 
The  serum  after  injection  was  deeply  haemoglobin  tinted. 

Determination  of  the  M.H.D.  of  Complement. 

Complement  was  undiluted;  heated  immune  serum  was  diluted  1  in  10, 
and  3  M.H.D.  were  used  to  saturate  corpuscles  to  make  them  independent  of 
the  immune  body  introduced  with  the  complement.  IM.H.D.  of  immune  body 
=  0'025  c.c.  of  1  in  10  dilution  for  1  c.c.  1  per  cent,  supension.  One  per  cent, 
suspension  of  ox  blood  corpuscles  used. 

Complement  before  In.tkction. 


1  per  ceil 

t. 

Suspension 

H.I.S. 

C'ompt. 

Saline. 

O.B.C. 

(1)  • 

1  c.c. 

+ 

0-075 

+   0-5 

+ 

0 

=    C. 

(2)     .     . 

1    J, 

+ 

0-075 

+    0-4 

+ 

0-1 

=    C. 

(3)     .     . 

1 

+ 

0075 

+    0-3 

+ 

0-2 

=   C. 

(4)     . 

1    ,, 

+ 

0-075 

+    0-2 

+ 

0-3 

=    C. 

(5)     .     . 

1    JJ 

+ 

0-075 

+   0-1 

+ 

0-4 

=    C. 

(6)     .     . 

1     ,, 

+ 

0-075 

+   008 

+ 

0-42 

=    C. 

(7)     . 

1     ,J 

+ 

0075 

+   0-OG 

+ 

0-44 

=   C. 

(8)     . 

1     J, 

+ 

0-075 

+   0-0-t 

-1- 

0-46 

=   C. 

(9)     . 

1     ,, 

+ 

0-075 

+   001 

+ 

0-49 

=     4- 

(10)     . 

1   I. 

+ 

0-075 

+    0 

+ 

0-5 

=    0 

H 

hour  at  37°  C'. 

Complement  after  Injection. 

(1)     ■ 

1  c.c. 

■+- 

0-075 

+   0-5 

+ 

0 

=   + 

(2)     . 

+ 

0-075 

+   0-4 

+ 

0-1 

^    + 

(3)     . 

+ 

0-075 

+    0-3 

-H 

0-2 

=   + 

(4)     . 

+ 

0-075 

•h   0-2 

+ 

0-3 

=    + 

(5)     . 

+ 

0-075 

+   0-1 

+ 

0-4 

=    + 

(6)     . 

+ 

0-075 

+   0-08 

+ 

0-42 

=   + 

(T)     . 

+ 

0-075 

+   0-06 

+ 

0-44 

=    + 

(8)     . 

+ 

0-075 

+    0-04 

+ 

0-46 

=    0 

(9)     . 

+ 

0-075 

+    0-01 

+ 

0-49 

=    0 

(10)     . 

+ 

0-075 

+   0 

+ 

0-5 

=     0 

V 

honr  at  37°  C. 

Thus  in  the  serum  obtained  before  injection  the  M.H.D.  of  comple- 
ment was  0-04  c.c.  for  1  c.c.  1  per  cent,  suspension,  while  in  the 
serum  after  injection  Q-o  c.c.  complement  produced  only  a  trace  of 
haemolysis.  Here,  if  we  take  0-04  c.c.  as  the  M.H.D.  of  complement 
for  1  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles,  then  the 
4-5  c.c.  corpuscles  injected  ought  to  have  used  up  18  c.c.  complement: 
and  the  amount  of  the  complement  in  tlic  blood  of  the  rabbit,  calculated 
as  before,  amounts  to  51  c.c. 

Experiment  2. 

Rabbit,  buck  ;  weight,  2370  grms.  This  rabbit's  serum  contains  immune 
body  to  such  an  extent  that  0-07  of  a  1  in  10  dilution  when  fully  comple- 
mented h»molysed  1  c.c.  of  a  1  per  cent,  -suspension  of  ox  blood  corpuscles. 
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The  rabbit  was  bled  to  the  extent  of  15  c.c,  it  was  then  injected  with 
4'5  c.c.  ox  blood  corpuscles  +  2  c.c.  saline  which  had  been  warmed  in  the 
incubator.  It  became  very  ill  two  minutes  after  injection  with  great  dyspnoea, 
got  gradually  better,  and  when  killed  was  almost  recovered.  Post-mortem, 
no  heemorrhages  were  seen  anywhere.  Haemoglobin  was  present  in  the  urine. 
The  sera  were  allowed  to  separate  as  before.  The  serum  obtained  after 
injection  was  darkly  haemoglobin  tinted. 

Determination  of  the  M.H.T).   of  Complement. 

Complement  was  undiluted.  Immune  body  undiluted,  and  about  four 
times  M.H.D.  added  to  corpuscles  to  saturate  them;  i.e.  0'03  c.c.  of  the 
undiluted  serum  added  to  1  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles. 
One  per  cent,  suspension  of  ox  blood  corpuscles  used. 

COMTLE.MEXT    BEFORE    INJECTION". 


(1) 

(2) 
(3) 
(i) 
(5) 
(6) 
(7) 
i^) 
(9) 
(10) 


1  per  cent. 

Siispeusiou 

O.B.C. 

1  c.c. 

■      1    „ 

•  1    „ 

•  1  V 

•  1  n 

•  1  ., 

•  1  „ 

•  1  „ 
.  1 
.  1 


H.I.S.       Conipt.        Saline. 


+ 


0-03 
003 
0  03 
003 
0-03 
0  03 
0-03 
003 
003 


+  0-5 

+  0-4 

+  0-3 

+  0-2 

+  0-1 

+  0-08 

+  0-06 

+  0-04 

-r-  0-01 
0 


+    0 
+   0-1 


+   0-03   + 

U  hour  at  37°  C. 


0-2 

0-3 

0-4 

0-42 

0-44 

0-46 

0-49 

0-5 


C. 
C. 
C. 
C. 

C. 

+  +  +  + 

+  +  + 

+ 

0 

0 


Complement  after  Injection. 


(1)  • 

1  c.c.    + 

(2)  . 

1   .,     + 

(3)     . 

1   .,     + 

W     ■ 

1    .,     + 

(5)     . 

1    .,     + 

(6)     . 

1   .,     + 

(7)     • 

1   .1     + 

{^)     ■ 

•   n     + 

(9)     . 

1   .,     + 

(10)     . 

1      V         + 

+    0-03  +  0-5 

+   003  +  0-4 

0-03  +  0-3 

003  +  0-2 

003  +  0-1 


+  0-0 

4-  0-1 

+  0-2 

+  0-3 


0-03    +   0-06 
003   +   004 
,    0-03    4-   001 
+   0-03    +   0 
U  hour  at  37°  C. 


0-44 
0-46 
0-49 
0-5 


003    +   0-08   +   0-42    = 


+0-4  =  + 
0 
0 
0 
0 
0 


Thus  ill  the  serum  obtaiued 
ment  was  0"1  c.c.  for  1  c.c.  1 
puscles,  and  there  was  a  trace 
the  serum  after  injection  the 
0'2  c.c.  complement  for  a  like 
witli  01  c.c.  there  was  only  a 
there  was  no  lia'molysis.  Here 
1  c.c.  1  per  cent,  suspension  of 
blood  corpuscles  injected  ought 


before  injection  the  INl.II.D.  of  comple- 
per  cent.  susj)ension  of  ox  blood  cor- 
of  hicmolysis  with  0  04  c.c. ;  while  in 
hicniolysis  was  nearly  complete  with 
quantity  of  o.k  l)lood  corpuscles,  while 
trace,  and  with  0-08,  006,  and  004 
,  if  we  take  01  c.c.  as  the  il.H.D.  for 
ox  blood  corpuscles,  then  the  4  c.c.  ox 
to  have  used  up  45  c.c.  complement, 
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and  the  amount  of  complement  present  in  the  blood  of  the  rabbit 
calculated  as  before  amounts  to  57  c.c. 

It  will  be  well  here  (1)  to  bring  forward  evidence  that  the  change 
in  the  complementing  action  of  the  serum  in  Series  lY.  and  V.  is 
really  due  to  a  diminution  in  complement,  and  not  due  to  some  action 
produced  in  vivo  by  the  large  excess  of  immune  body  in  the  com- 
plementing serum;  (2)  to  show  by  an  experiment  how  the  minimal 
hemolytic  dose  of  complement  is  much  lowered  by  adding  in  vitro 
an  excess  of  immune  body. 

As  regards  (1) — that  the  change  in  the  complementing  power  of 
the  serum  is  due  to  a  diminution  in  complement — this  cannot  be 
proved  directly,  but  indirect  proof  can  be  got  by  determining  the 
complement  content  of  the  blood  of  a  fresh  rabbit  before  and  after 
injection  of  saturated  corpuscles,  and  by  using  in  this  determination  a 
large  excess  of  heated  immune  body.  It  will  be  seen  that  the  com- 
plement content  of  the  rabbit's  blood  is  exactly  the  same  before  and 
after  injection — a  condition  which  was  also  found  in  Series  II.,  where 
a  fresli  rabbit  was  similarly  injected,  and  where  only  one  M.H.D.  of 
heated  immune  body  was  used  in  the  determination  of  the  complement 
before  and  after  injection. 

Experiment. 

Rabbit,  buck;  weight,  1850  grms.  Bled  10  c.c.  at  10.30;  then  injected 
at  10.40  intravenously  with  3  c.c.  ox  blood  corpuscles  + 1 '35  c.c.  heated 
immune  serum,  the  mixture  having  been  in  incubator  at  37'  C.  for  one  and  a 
half  hour.  (M.H.D.  of  heated  immune  serum  for  1  c.c.  1  per  cent,  suspension 
of  ox  blood  corpuscles  =  0'0015  heated  immune  serum;  here  the  corpuscles 
were  saturated  with  3  M.H.D.)  Blood  obtained  after  injection  at  12.10; 
serum  separated  as  before  ;  serum  after  injection  deeply  haemoglobin  tinted. 

Determination  of  the  Com2:ilement. 

Complement  was  undiluted.  Heated  immune  serum  (whose  ^M.H.D.  for 
1  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles  =  O'OOl 5  c.c.)  used  in 
a  dilution  of  1  in  20  and  in  dose  of  3  M.H.D.  for  sensitising  to  saturation  the 
corpuscles,  and  used  full  strength  in  doses  of  0'3  c.c.  for  the  purpose  of  adding 
great  excess  of  immune  body  to  the  various  test  mixtures.  One  per  cent,  o.x 
blood  corpuscles  used.  ; 

Before  Injection. 


1  per  cent, 
O.H.C. 

H.I.S. 
1  in  20. 

Comjjt. 

H.,.S. 
umiil. 

Safine. 

(1)  ■ 

1  c.c. 

4- 

0-09  c.c. 

-H    0-5  c.c. 

+ 

O-;?  c.c. 

+    0 

= 

C. 

(2)     ■ 

+ 

0-09    „ 

+    0-4     „ 

+ 

o-.s  „ 

-r     01 

= 

c. 

¥i  ■ 

+ 

0-09    „ 

H-   0  3    „ 

+ 

0-3   „ 

+   0-2 

= 

c. 

(4)     . 

+ 

0-09    „ 

+    0-2    „ 

+ 

0-3   „ 

+   0-3 

= 

c. 

(5)     . 

H- 

0-09    ., 

4-    0-1     „ 

+ 

0-3   „ 

+   0-4 

= 

c. 

(6)     . 

+ 

0'09    „ 

+    0-08  „ 

+ 

0-3    „ 

+    0-42 

= 

c. 

(7)     . 

+ 

0-09    „ 

+   0-06  „ 

+ 

0-3   „ 

+    0-44 

= 

c. 

(8)     . 

+ 

0-09    „ 

+   0-04,, 

-t- 

0-3   „ 

+    0-46 

= 

c. 

(9)     . 

+ 

0-09   „ 

+   0-02,, 

+ 

0-3   „ 

+    0-48 

= 

+  +  + 

(10)    . 

+ 

0-09   „ 

-+-   0       „ 
U  houi-iit  37 

+ 

03    „ 

+    0-5 

= 

0 
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After  Injection. 


1  per  ceut, 
O.B.C. 


(1) 

(2) 
(3) 
(4) 
(5) 
(6) 
(T) 
{^) 
(9) 
(10) 


H.I.S. 
1  iu  20. 
c.c.  +  0-09  c.c. 
„  +  0-09  „ 
„  +  0-09  „ 
„  +0-09  „ 
„  +  0-09  „ 
„  +  0-09  „ 
„  +  0-09  „ 
„  +  0-09  „ 
„  +  0-09  „ 
„     +   0-09  „ 


Compt. 


H.I.S. 


+    0-5  c.c.    +    0-3  c.c.    + 


0-4 

+  0-3    „ 

+  0-2    „ 

+  0-1    „ 

+  0-08  „ 

+  0-06,, 

+  0-04  „ 

+  0-02  „ 

+  0       „ 


0-3 

+  0-3 

+  0-3 

+  0-3 

+  0-3 

+  0-3 

+  0-3 

+  0-3 

+  0-3 


Saline 

0 
+   0-1 
+   0-2 
+   0-3 
+    0-4 


li  hour  at  37'  C. 


=  c. 

=  c. 

=  c. 

=  c. 

=  c. 

.    0-42   =  C. 

+   0-44    =  C. 

+   0-46    =  C. 

+   0-48    =  +  +  + 

+    0-5      =  0 


Here  it  will  be  seen  that,  in  spite  of  the  great  excess  of  heated 
immune  serum  (of  which  2  c.c.+  2  c.c.  1  per  cent,  ox  blood  corpuscles 
mixed  and  incubated  gave  no  htemolysis  in  one  and  a  half  hour),  there 
is  no  change  in  the  complement  content  after  injection,  thus  showing 
that  the  large  excess  of  immune  body  does  not  affect  an  accurate  com- 
parative estimation  of  the  amount  of  complement. 

(2)  The  following  experiment  shows  the  great  lowering  of  the 
M.H.D.  of  complement  when  excess  of  heated  immune  serum  is 
added : — 

Complement  Undiluted. 

(1)    Wifhouf  Exce!^s  of  Heated  Immune  Seriini. 


1  per  cent. 
O.B.C. 

H.I.S. 
1  in  10. 

Saline. 

Compt. 

Saline. 

(1)  ■ 

C.C. 

+ 

0-08  c.c 

4- 

0-3  c.c. 

+   0-5 

+    0 

= 

c. 

(•■2)  ■ 

+ 

0-08   „ 

+ 

0-3   „ 

+  0-4 

+   0-1 

= 

c. 

(3)     . 

+ 

0-08   „ 

+ 

0-3   „ 

+   0-3 

+   0-2 

7= 

c. 

(4)     • 

+ 

0-08   „ 

+ 

0-3   „ 

+   0-2 

+   0-3 

= 

c. 

(5)     . 

+ 

0-08   „ 

+ 

0-3   „ 

+    0-1 

+   0-4 

= 

+  +  + 

(6)     . 

+ 

0-08   „ 

+ 

0-3   „ 

+   0-08 

4-   0-42 

= 

+  + 

(7)     . 

+ 

0-08   „ 

+ 

0-3   „ 

+   OOf) 

+   0-44 

= 

+  1 

(8)     . 

+ 

0-08   „ 

+ 

0-3   „ 

+   0-03 

+   0-47 

= 

0 

(9)     . 

+ 

0-08   „ 

+ 

0-3   „ 

+   001 

+   0-49 

= 

0 

(10)     . 

+ 

0-08    „ 

+ 

0-3   „ 

+   0 

+   0-5 

= 

0 

Ifj  hour  at  37°  C 

(2) 

Jnth  Kxcess  of 

Heated  Immu7tc  Serum. 

1  per  i-eiit 
O.B.TC. 

H  l.S. 
1  in  10. 

H.I.S. 

Compt. 

Saline. 

(1)     . 

C.c. 

+ 

0-08  c.c 

+ 

0-3  c.c. 

+   0-5 

+   0 

= 

c. 

(2) 

+ 

0-08   „ 

+ 

0-3   ,. 

+   04 

+  0-1 

= 

c. 

(3)     . 

+ 

0-08    „ 

+ 

0-3   „ 

+   0-3 

+   0-2 

= 

c- 

(4)     ■ 

+ 

008    „ 

+ 

0-3   „ 

+   0-2 

+   0-3 

= 

c. 

(5)     . 

+ 

008   „ 

+ 

0-3   „ 

+   01 

+   0-4 

= 

c 

(6)     . 

+ 

0-OH    „ 

+ 

0-3   „ 

+   0-08 

+   0-42 

=: 

c. 

S: 

+ 

0'08   „ 

+ 

0-3   „ 

+   0-06 

+   0-44 

= 

c. 

+ 

008    „ 

4- 

0-3   „ 

+   003 

+   0-47 

= 

c. 

(9)     ■ 
(10)     . 

-t- 

008   „ 

+ 

0-3   „ 

+   001 

+   0-49 

= 

+  ? 

+ 

0  08   „ 

+ 

0-3   „ 

+   0 

+   0-5 

= 

0 

1 

1  hour  at  37°  0 
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One  per  cent,  ox  blood  corpuscles  suspension  was  used ;  M.H.D.  of  heated 
immune  SLTum  used,  for  1  c.c.  1  per  cent,  suspension  of  ox  blood  corpuscles  = 
0'08  of  a  1  in  10  dilution.  This  dilution  was  used  for  sensitisation  of  the 
corpuscles  ;  while  the  full  strength  serum  in  doses  of  0'3  c.c.  was  added  to 
give  a  great  excess  of  immune  body. 

Here  it  will  be  seen  that  the  addition  of  0"3  c.c.  heated  immune 
serum  (H.I.S.)  lowered  the  M.H.D.  of  the  complement  from  0*2  c.c. 
of  0-03  c.c.  The  heated  immune  serum  itself  contained  no  comple- 
ment, for  1  c.c.  of  it  +  1  c.c.  1  per  cent,  suspension  of  ox  blood 
corpuscles  incubated  at  37°  C.  for  one  and  a  half  hour  showed  no 
haemolysis. 

These  experiments  may  be  divided  into  two  sets — the  first  where 
sensitised,  satui'ated,  and  non-sensitised  corpuscles  were  injected  into 
fresh  rabbits,  and  the  second  where  sensitised  (saturated)  and  non- 
sensitised  corpuscles  were  injected  into  immune  rabbits.  In  the  first 
set  it  will  be  seen  that  the  injection  of  corpuscles,  sensitised,  saturated, 
or  nonsensitised  intravenously  in  sufficient  quantity  to  use  up 
practically  all  the  complement  in  the  animal's  blood,  if  the  animal 
were  bled  to  death  and  the  test  made  with  the  serum  obtained  in  vitro, 
has  produced  absolutely  no  effect  in  the  complement  content  of  the 
serum,  as  shown  by  the  M.H.D.  of  the  complement  before  and  after 
injection  being  the  same.  This  has  happened  in  spite  of  the  fact  that 
where  sensitised  and  saturated  corpuscles  were  injected,  hsemolysis  in 
vivo  did  take  place,  as  shown  by  the  intense  hiemoglobinuria  and  the 
intense,  deep  red  colour  of  the  serum  obtained  after  injection.  Where 
non-sensitised  corpuscles  were  used  for  injection  no  effect  was  produced, 
the  urine  not  being  tinted,  and  the  serum  was  only  coloured  to  an 
extremely  small  degree.  This  last  might  have  arisen  from  haemoglobin 
present  in  the  serum  injected  due  to  the  clot  being  manipulated  to 
hasten  separation. 

The  results  obtained  from  the  sensitised  and  saturated  corpu.scle 
injections  may  indicate  that  complement  is  not  a  definite  limited 
quantity  in  the  plasma  of  the  blood,  that  it  is  not  free  in  the  plasma, 
but  that  it  is  given  off  from  contact  of  its  source  with  certain  foreign 
bodies  (in  these  experiments,  the  sensitised  corpuscles  injected),  and 
that  it  is  extremely  rapidly  regenerated.  They  seem  to  show  that  the 
tissues  have  a  great  reserve  power  for  the  production  of  complement,  a 
condition  apparently  inconsistent  with  the  view  that  the  complement 
is  a  limited  quantity  free  in  the  plasma.  Complement  may  be  present 
in  the  plasma,  but  there  is  no  direct  proof  that  it  is,  and  the 
characteristics  of  complement  action  have  only  been  definitely 
determined  in  serum  a/tei'  clotting.  The  introduction  of  a  sensitised 
foreign  body  {i.e.  possibility  of  starting  the  initial  stages  of  clotting) 
into  the  blood  stream  has  been  shown  above  to  bring  about  a 
phenomenon  suggestive  of  complement  action  (nameh',  the  ha'uioglobin 
tinted  serum  and  urine).      In  spite  of  this  no  fall  in  complement  was 
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(as  has  been  shown)  detected  between  the  bleedings.  To  account  for 
the  complement  reading  remaining  the  same,  it  seems  necessary  to 
suppose  that  fresh  complement  passed  into  the  circulation  during  the 
experiment.  Such  considerations  naturally  raise  the  question  of  the 
existence  of  complement  in  a  free  state,  and  suggest  a  vital  relatimi 
between  a  living  cell  and  a  foreign  body. 

The  above  experiments  also  show  the  necessity  for  the  presence 
of  both  complement  and  immune  body  for  haemolysis  in  vivo ;  for 
when  unsensitised  corpuscles  were  injected  into  a  fresh  rabbit  there 
was  practically  no  haemolysis  to  be  noted ;  in  later  experiments, 
performed  with  special  care  to  determine  this  point — especially  to 
allow  absolutely  spontaneous  separation  of  the  clot  from  the  serum, 
the  serum  after  injection  showed  not  tlie  slightest  trace  of  haemolysis. 

In  the  Series  II.,  where  sensitised  (saturated)  and  non-sensitised 
corpuscles  were  injected  into  an  immune  rabbit,  the  effect  is  different ; 
but  here  again  a  vital  reaction  of  the  tissues  in  the  production  of 
complement  may  be  suggested.  In  all  the  cases  where  the  corpuscles 
were  injected  into  an  immune  rabbit  the  specific  action  of  the 
complement  was  much  less  after  injection  than  before  injection,  as 
shown  by  the  same  moiety  of  serum  after  injection  producing  much 
less  haemolysis  m  vitro  than  before  injection.  This  lowering  of  the 
complement  action  has  taken  place  in  spite  of  the  fact  that  the 
complementing  power  (not  necessarily  the  amount  of  complement,  vide 
p.  528)  of  an  immune  rabbit's  serum  is  much  greater  than  that  of  a 
fresh  rabbit,  and  that  consequently  the  injection  of  equal  quantities  of 
blood  corpuscles  into  immune  and  fresh  rabbits  of  the  same  blood 
volume  should,  instead  of  causing  a  diminution  of  complementing 
power  in  the  immune  rabbit,  rather  favour  the  complement  remaining 
at  what  it  was  before  injection.  An  example  may  make  this  clejir. 
In  Series  II.,  Experiment  1,  a  fresh  doe  rabbit,  weight  14G0  grms., 
was  injected  with  2-8  c.c.  saturated  ox  blood  corpu.scles.  The 
complement  remained  the  same  before  and  after  injection.  Here,  if 
we  take  0-6  c.c.  (see  Experiment)  as  the  M.H.D.  for  2  c.c.  1  per  cent, 
ox  blood  corpuscle  suspension,  then  the  2'8  c.c.  should  liave  used  up 
84  c.c.  of  complement;  but  the  total  amount  of  complement  present 
in  the  animal's  body  was  only  about  3S'G  c.c. ;  yet  in  spite  of  tliis  the 
complement  content  remained  tlie  same  before  and  aft»r  injection. 
On  the  other  hand,  in  Series  IV.,  Experiment  1,  where  an  immune 
buck  rabbit,  weight  2150  grms.,  w-as  injected  with  o  c.c.  fully  .saturated 
ox  blood  corpuscles,  the  complement  was  very  greatly  diminished  in 
the  scrum  obtained  after  injection.  Here,  if  we  take  0'15  c.c.  (see 
Experiment)  as  the  M.H.D.  of  complement  for  2  c.c.  1  per  cent, 
suspcusion  of  ox  blood  corpuscles  before  injection,  then  the  3  c.c.  ox 
blood  corpuscles  ought  to  liave  used  up  only  22'5  c.c.  of  the 
complement ;  while  the  amount  of  comi>lement  present  in  the  whole 
animal's  body  amounted    to    52    c.c.     This    might    be   explained  by 
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supposing  some  change  to  occur  in  the  vital  production  of  complement 
in  an  immune  rabbit  as  the  result  of  its  immunity,  allowing 
complement  to  be  more  easily  dissociated  from  the  cells  with  less 
reserve  power  in  the  body  for  production  of  a  large  quantity  of 
this  substance ;  alternatively,  the  injection  of  the  corpuscles  might 
so  derange  the  vital  functions  and  upset  metabolism  that  for  the 
moment  the  organism  does  not  respond,  and  the  complement  determin- 
ation after  injection  would  thus  show  a  diminution.  In  support  of 
this  latter  view  is  the  fact  that  all  the  immune  rabbits  injected  were 
severely  ill,  three  of  them  practically  dying  before  the  expiry  of  the 
one  and  a  half  hour  limit — one  actually  dying  in  five  minutes.  This 
may  have  been  due  to  minute  emboli  of  red  cell  stromata  or 
agglutinated  red  cells ;  and  evidence  of  infarction  was  seen  in  several 
of  the  rabbits ;  but  there  is  a  possibility  of  a  breakdown  of  the  whole 
mechanism  of  the  body,  comparable  to  the  breakdown  occurring  in 
horses  highly  immunised  against  diphtheria-toxin  on  the  injection  of  a 
further  dose.^  However  the  breakdown  occurs,  the  fact  that  the 
animals  were  extremely  ill  shows  that  this  might  have  something  to 
do  with  the  diminution  of  complement. 

There  are  some  facts  which  point,  however,  to  there  being  a 
gradual  change  in  complement  production  in  immune  rabbits  as  the 
result  of  the  immunisation.  Of  the  six  fresh  rabbits  injected,  only  one 
showed  any  sign  of  illness.  It  was  very  ill  for  the  first  half-hour,  and 
looked  as  if  it  would  die.  Here  the  cause  of  the  illness  was 
undoubtedly  minute  flocculi  visible  to  the  naked  eye  in  the  blood 
suspension  used  for  injection.  In  spite  of  this  illness  there  was  no 
diminution  of  complement  in  the  serum  obtained  after  injection. 
Again,  the  immune  rabbit  which  had  been  immunised  for  about  six 
months  (Experiment  1,  Series  V.),  and  which  died  in  five  minutes, 
showed  of  all  the  rabbits  the  greatest  chminution  in  complement  in  the 
serum  obtained  after  injection.  This  miglit  have  been  due  to  lack  of 
time  for  regeneration,  but  the  marked  diminution  is  significant,  especially 
when  taken  in  connection  with  rabbit  of  Experiment  2,  Series  V. 
This  rabbit  had  only  been  immunised  for  about  three  weeks.  After 
injection  it  was  very  ill,  but  recovered  and  looked  quite  like  living 
wlien  tlie  time  limit  (one  and  a  half  hour)  expired.  Here  the 
diminution  in  complement  was  very  slight  indeed  in  the  serumof  the 
injection.  Whatever  view  is  taken,  as  to  the  immediate  cause  after 
diminution  of  complement, — whether  there  is  a  so  to  speak  momentary 
lowering  of  vital  reaction  caused  by  the  flooding  in  of  the  corpuscles, 
or  a  more  prolonged  moulding  action  causing  complement  to  be  more 
easily  dissociated  and  less  easily  regenerated,  as  in  the  case  of  the 
fresh  rabbits,— the  supposition  of  a  vital  reaction  of  some  issue  in  relation 
to  a  foreign  body  causing  that  tissue  to  give  otV  complement  may 
lie  entertained. 

'  This  point  is  being  fuitlier  investigated  at  jnosont. 
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UONCLUSIOX. 

The  injection  intravenously  of  unsensitised,  sensitised,  or  saturated 
ox  blood  corpuscles  into  fresh  rabbits  produces  no  diminution  of 
complement ;  whereas  the  injection  intravenously  of  unsensitised  or 
sensitised  ox  blood  corpuscles  into  immune  rabbits  {%■.  ox  blood 
corpuscles)  produces  a  marked  diminution  in  comjilement. 

I  wish  to  express  my  indebtedness  to  Dr.  Ritchie,  Superintendent 
of  the  Eoyal  College  of  Physicians,  Laboratory,  Edinburgla,  for  suggest- 
ing the  line  of  research,  and  for  his  help  and  criticism.  I  wish  also  to 
thank  the  Laboratory  Committee  for  the  facilities  afforded  in  their 
laboratory  for  carrying  on  the  work.  This  work  was  done  while 
holding  the  Ernest  Hart  Eesearch  Scholarship  of  the  British  IMedical 
Association,  and  on  a  grant  for  research  from  the  Carnegie  Trust. 
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THE  FATE  OF  HEN  CORPUSCLES  WHEN  INJECTED 
INTRAVENOUSLY  INTO  RABBITS,  WITH  SOME 
CONSIDERATIONS  AS  TO  THE  SEAT  OF  THE 
FORMATION   OF   IMMUNE  BODY/ 

By  J.  P.  M'GowAN,  M.A.,  M.D.,  B.Sc,  Baderiolofjist  to  the 
Royal  College  of  Physicians  Laboratory,  Edinburgh. 

From  the  Royal  College  of  Physieians  Laboratory,  Edinburijh. 

This  research  was  imdertakeu  at  the  suggestion  of  Dr.  James  Ritchie, 
the  object  being  to  determine,  if  possible,  the  ultimate  fate  of  heu 
corpuscles  when  injected  into  the  blood  stream  of  rabbits.  The 
expenses  of  the  research  were  defrayed  by  a  grant  from  the  Carnegie 
Trust,  for  which  I  wish  to  express  my  cordial  thanks  to  the  Trustees. 

Levaditi  (1901 ')  injected  intravenously  into  normal  and  immunised 
animals  cholera  vibrios,  and  found  that  in  the  immunised  animals  so  injected 
the  vibrios  were  not  transformed  into  gi'anules  in  the  circidating  plasma.  The 
transformation  took  place  only  in  the  polymorphs  circulating  in  the  blood. 
He  found  the  granular  degeneration  of  the  vibrios  taking  place  in  the  organs 
extracellularly,  however,  and  this  he  attributes  to  complement  being  set  at 
liberty  from  the  phagocytes  accumulated  in  the  interior  of  these  organs.  In 
1905,  in  continuation  of  this  work,  Levaditi  published  a  paper-  in  which  he 
investigated  the  fate  of  pigeon  corpuscles  when  injected  intravenouslj-  into 
guinea-pigs.  Guinea-pigs'  serum,  normally,  is  lytic  to  pigeons'  red  blood  cor- 
puscles ;  according  to  Levaditi,  0'.5  c.c.  completely  dissolving  a  drop  of  pigeon's 
blood.  He  injected  into  the  jugular  veins  of  fresh  guinea-pigs  1  to  1"2  c.c. 
of  a  thick  emulsion  of  pigeon  corpuscles.  The  guinea-pigs  bore  such  an 
injection  quite  well.  When,  however,  such  an  injection  was  practised  on 
guinea-pigs  wdiich  had  been  immunised  against  pigeon  corpuscles  by  previous 
injections,  they  were  seized  with  great  dyspncea  and  e.xtrcme  collapse. 
Respirator)"  ditliculties  predominated.  The  ditl'erence  of  eft'ect  ]n'oduced  in 
the  fresh  and  immunised  guinea-pigs  by  injection  he  attributed  to  a  diflerent 
mechanism  of  destruction  of  the  pigeon  blood  corpuscles  in  the  two  eases. 
When  the  fresh  guinea-pigs  are  injected,  the  destruction  takes  place  by  an 
fjctremehj  rapid  ami  energetic  pliaijocytosin  in  the  inferior  of  the  sjilee?!,  while 
in  the  immunised  animals  the  destruction  takes  place  extracellularly,  and 
phagocytosis  is  hardly  to  be  observed  at  all.  He  found  further  that  if  he  ex- 
amined the  blood  of  fresh  guinea-pigs  five,  thirty,  forty,  and  one  hundred  minutes 
after  an  injection  with  pigeon  blood  the  pigeon  corpuscles  persisted  unaltered. 

'  Received  Deoember  9,  1909. 

-  "  Le  sort  des  hi'iiiaties  niicU'Cs  iutroduites  dans  la  circulation  general  dos  aniniaux  neufs 
ou  immunises  a  I'aide  de  ces  liematies,"  C.  Levaditi,  Buearest,  Ini[irimcrie  de  I'etat,  1905. 
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They  agglutinated  round  masses  of  platelets  and  were  lying  in  intimate 
contact  with  the  polynuclear  leucocytes.  At  no  time  could  he  see  any 
evidence  of  extracellular  solution  of  the  pigeon  corpuscles.  He  further  found, 
if  lie  killed  the  animal  at  a  time  when  the  pigeon  corpuscles  had  disappeared 
from  the  general  circulation  and  carefully  examined  the  spleen,  that  rapidly, 
sometimes  in  less  than  forty  minutes,  the  macrophages  of  that  organ  were 
tilled  with  the  pigeon  corpuscles.  He  found  that  the  phagocyted  pigeon 
corpuscles  were  much  more  numerous  than  the  free  ones,  and  that  the  englobed 
corpuscles  rapidly  showed  signs  of  intraprotoplasmic  digestion.  He  found 
that  the  liver  only  of  all  the  other  organs  showed  any  signs  of  phagocytosis 
of  the  pigeon  corpuscles.  Here  the  phagocytes  were  the  Kupffer  cells.  No 
pigeon  corpuscles,  phagocytosed  or  free,  were  found  by  him  in  the  lymphatic 
glands  or  in  the  lungs. 

Thi.s  paper  of  Levaditi's,  as  well  as  lii.s  previous  oue,  was  adduced 
as  evidence  of  the  uon-existence  of  couiplement  free  ia  the  circulating 
plasma,  and  in  support  of  its  origin  entirely  from  leucocytes.  Thus 
an  extremely  wide  question  is  opened  up,  and  I  shall  coniine  myself 
here  to  the  points  specifically  raised  by  Levaditi,  and  to  a  criticism 
of  the  methods  by  which  he  arrived  at  such  far-reaching  conclusions. 
In  the  first  place,  he  dismisses  in  a  footnote  the  behaviour  of  normal 
guinea-pigs'  serum  towards  pigeon  corpuscles,  by  saying  that  0'5  c.c. 
fresh  guinea-pig  serum  dissolves,  completely,  a  drop  of  pigeon  blood. 
No  time  is  mentioned,  no  temperature  of  reaction  considered,  the 
pigeon  corpuscles  are  left  in  contact  with  their  serum  (i.e.  unwashed), 
a  drop  is  a  very  variable  quantity,  and  no  special  consideration  is 
given  to  the  question  of  whether  or  not  every  guinea-pig's  serum  lias 
the  same  lytic  action  in  vitro  towards  pigeon  corpuscles.  The  burden 
of  these  criticisms  is  that,  as  the  question  to  be  solved  is  the  nature 
and  means  of  lysis  of  pigeon  corpuscles  in  vivo,  care  should  have  been 
taken  to  determine  roughly,  in  each  experiment,  whether  the  serum  of 
the  animal  e.'cperimented  on  was  lytic  in  vitro.  There  is  no  record 
of  this  having  been  done,  and  the  omission  may  explain  the  marked 
persistence  of  pigeon  corpuscles  in  the  circulating  blood  of  fresh 
guinea-pigs  which  Levaditi  found — sometimes  for  over  one  hour  and  a 
half.  Again,  such  a  neglect  cuts  at  the  root  of  his  criterion  of  the 
presence  or  absence  of  complement  in  the  circulating  blood.  He 
adopts  in  fresh  guinea-pigs  destruction  by  phagocytosis  in  the  blood 
stream  and  absence  of  any  destruction  extracellularly  as  ]noof  that 
complement  does  not  exist  free  in  the  circulating  plasma.  Yet  it  may 
be  that  the  serum  of  tlie  guinea-pig  wliich  lie  has  experimented  on, 
and  from  observations  on  wliich  he  lias  drawn  such  conclusions,  was 
non-lytic  to  pigeon  corpuscles  in  vitro ;  so  that  there  is  no  proof  that 
the  phagocytosis  whidi  lie  finds  in  vivo  and  the  lysis  in  vilro  are  one 
and  the  same  reaction.  Further,  Levaditi,  in  accounting  for  tlie 
difference  of  reaction  to  injection  in  fresh  and  immunised  guinea-pigs — 
no  disturbance  in  the  one  case  and  violent  dyspncra  in  tlic  other — 
states  that  in  the  case  of  llic  fresli  guinea-pigs  tliere  is  no  exlracellulnr 
destruction,  while   in  the   inimuiiised  guinca-|iigs  there   is  extracellular 
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destruction  aud  hardly  any  intracellular.  But  why  has  the  mere 
process  of  immunisation  transformed  a  wholly  intracellular  process 
into  an  almost  completely  extracellular  process,  which  Levaditi  admits  ? 
The  question  becomes  too  involved  here,  and  admits  of  the  play  of 
unlimited  sophistry,  and  I  shall  confine  myself  to  a  consideration  of 
one  definite  statement  of  Levaditi's  on  which  the  whole  argument 
hangs — that  of  the  occurrence  of  the  phagocytosis  in  fresh  animals, 
which  he  states  is  all-important  in  in  vivo  lysis  of  foreign  corpuscles. 
It  is  immaterial  to  a  consideration  of  the  main  question  what  animals 
and  what  nucleated  corpuscles  are  used,  so  long  as  the  serum  of  the 
animal  lyses  in  xitro  the  nucleated  corpuscles  employed.  For  this 
reason,  and  as  being  more  easy  to  work  with,  I  have  used  rabbits 
treated  with  hen  corpuscles,  ascertaining  in  each  experiment  whether 
the  serum  of  the  rabbit  used  actually  ha-molysed  iyi  vitro  the  lieu 
corpuscles  used.  So  that  if  I  find  that  in  the  rabbit,  whose  serum 
in  vitro  lyses  hen  corpuscles,  there  is  absolutely  no  sign  of  phagocytosis 
when  it  is  injected  intravenously  with  hen  corpuscles,  I  am  entitled 
to  say,  using  his  criterion  for  the  existence  or  not  of  complement  in 
the  circulating  plasma,  that  although  Levaditi's  actual  expei-imental 
findings  may  be  strictly  as  he  says,  his  general  deduction  that  comple- 
ment does  not  exist  free  in  the  circulating  plasma,  but  is  formed  from 
the  phagolysis  of  the  leucocytes,  is  not  correct,  for  here  in  the  case  of 
the  rabbit  and  hen  corpuscles  is  a  marked  exception.  I  hope  also 
from  these  experiments  to  carry  my  opposition  to  his  deduction 
further,  and  to  bring  forward  some  evidence  from  these  experiments 
to  show  that  complement  does  exist  free  in  the  plasma.  That  it  is 
or  is  not  formed  bj'  the  leucocytes  cannot  be  determined  by  such  an 
experiment,  and  where  it  is  formed,  if  not  formed  by  the  leucocytes,  is 
beyond  the  scope  of  the  present  paper. 

It  may  be  stated  that  my  work  was  commenced  and  completed 
before  I  had  access  to  Levaditi's  paper,^  so  tliat  it  may  be  looked  on 
as  an  independent  investigation  of  the  subject. 

In  the  main  the  corpuscles  used  for  injection  were  obtained  by 
bleeding  hens  from  the  carotid,  defibrinating  the  blood,  washing  the 
corpuscles  free  from  serum,  and  then  filtering  through  fine  wire  gauze 
to  remove  masses  of  clot.  The  rabbits  were  bled  from  the  ear  vein 
to  obtain  a  sample  of  the  serum  for  estimation  of  its  hitmolytic  power 
to  the  hen  corpuscles.  They  were  then  injected  intravenously  with 
2  c.c.  of  the  washed  hen  corpuscles  diluted  with  saline,  and  killed  at 
various  intervals  after  the  injection.  At  the  post-mortem  examination 
the  various  organs  were  at  once  fixed  in  various  fixatives,  e.ff.  5  per 
cent,  formalin,  saturated  HgCU,  and  alcohol.  The  urine  was  carefully 
examined  for  presence  or  absence  of  luemoglobin  and  the  deposit  for 
blood  corpuscles — rabbit  or  bird — to  exclude  the  possibility  of  bleed- 

'  I  am  indebted  to  Dr.  Cramer  for  kindly  lending  me  Levaditi's  i>aper  and  for  many 
other  references. 
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ing  from  the  kidney  or  passage  of  the  bird's  corpuscles  througli  the 
kidney  into  the  urine.  In  some  cases  films  were  made  from  the  blood 
of  the  rabbits  at  short  intervals  after  the  injection ;  such  films 
were  examined  for  the  presence  of  hen  corpuscles  and  for  possible 
phagocytosis. 

Experiment  1. 

In  this  experiment  .six  rabbits  were  used:  Rabbits  1,  2,  3,  4,  .5,  6.  They 
were  all  bled  10  c.c.  from  the  ear  vein.  This  blood  was  allowed  to  clot  and 
the  serum  to  separate.  Next  day  the  sera  were  tested  for  their  lytic  power 
on  the  hen  corpuscles  to  be  used  for  injection.  The  ben  corpuscles  were 
washed  six  times  with  normal  (0'85  per  cent.)  saline,  and  a  5  per  cent, 
suspension  was  made. 

The  protocol  of  Rabbit  1  was  as  follows : — 


Five  per  Cent. 
Suspension  of  Hen's 

Rabbit 
Serum. 

Saline. 

Corpuscles. 

1  1  c.c.    . 

+  0-1 

+  1-4 

> 

'      =0 

2       „      . 

+  0-2 

+  1-3 

=  + 

3  „      . 

4  „       • 

+  0-4 
+  0-8 

+  r: 

+  0-7 

One  and  a  balf  hour 
at  37'  C. 

=  +  +  + 

5       „       . 

+  1-0 

+  0-5 

=  +  +  +  + 

6       „       . 

+  1-5 

+  0 

' 

=c. 

'        •'       • 

+  0-0 

+  1-0 

=  0 

C.  =  complete  lisemolysis. 

+  +  =good  amount. 

+  +  +  +  =  nearly  complete  litemol3-si 

s.                            +  =  trace. 

+  +  +  =  marked  hemolysis. 

O  =  none. 

The  sera  of  the  other  rabbits  were  tested  in  the  same  way  and  the 
results  were  briefly  : — 


Rabbit  2. 

Rabbit  3. 

Rabbit  4. 

Rabbit  5. 

Rabbit  6. 

1=0 

1=0 

l=+(?) 

1=  + 

1=0 

2  =  0 

2  =  0 

2=  + 

2=  + 

2  =  0 

3  =  0 

3  =  0 

3=  + 

3=  + 

3=+.?) 

4  =  0 

4  =  0 

4=  +  +  + 

4=  +  +  + 

4=  + 

.-;=+(?) 

5=  + 

5=++++ 

6=++++ 

f.=  + 

6=  + 

6=  + 

6=++++ 

6=  +  +  +  + 

6=  + 

7  =  0 

7  =  0 

7  =  0 

7  =  0 

7  =  0 

+  +  +  +  =  nearly  complete  iKPniolysis. 
+  +  +  =  marked  liaMn(>ly.si3. 


+  = trace. 
0  =  none. 


The  rabbits  are  tlius  divided  into  two  groups.  Rabbits  1,  4,  and  5  with 
fairly  strong  lytic  sera  to  hen  cor]niscles,  and  Rabbits  2,  3,  and  6  with  sera 
weakly  lytic  trj  lien  corpuscles.  Rjibbits  1,  4,  and  fj  were  kept  as  controls,  and 
2,  3,  and  6  were  inoculated  intravenously  with  the  washed  lien  ooriiuscles. 
In  thi.s  experiment  too,  taking  into  consideration  the  (dianges  observable  in 
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the  organs,  especially  in  the  liver  at  various  stages  of  digestion,  the  rabbits 
^vere  all  kept  in  the  same  cage,  subject  to  the  same  conditions,  for  a  week 
previous  to  injection.  They  were  fed  regularly  at  9.45  every  morning  on 
corn,  bran,  and  cabbage-blade.s.  By  keeping  them  rigidly  under  the  same 
conditions,  and  by  the  use  of  the  controls,  the  marked  glycogenic  changes  in 
the  liver  due  to  feeding  were  appreciated  as  such.  Otherwise  these  might 
have  been  put  down — so  markedly  necrotic  looking  the  liver  cells  were — to  a 
toxic  action  of  some  constituent  of  the  hen  corpuscles. 

Rabbit  2  (weakly  lytic)  and  Control  Rabbit  1  (lytic). — Rabbit  2  had  been 
fed  at  9.45,  and  was  injected  at  11.5  intravenously  (by  ear  vein)  with  2  c.c. 
hen  corpuscles  washed  six  times +2  c.c.  (0'85  per  cent.)  saline.  Blood  films 
were  made  from  the  ear  vein  of  the  other  ear  at  ten  minute  intervals  until  the 
animal  was  killed.  It  showed  no  signs  of  discomfort  after  injection,  was  kept 
without  food,  and  killed  at  12.5, — one  hour  after  injection.  There  was  no 
haemoglobin  in  the  urine,  and  no  cell  elements  were  found  in  the  deposit. 
The  bladder  was  not  distended ;  the  urine  was  very  clouded ;  the  gall  bladder 
was  not  distended ;  the  spleen  was  not  enlarged ;  cestode  parasites  were 
present  in  the  peritoneal  cavity.  There  were  no  haemorrhages  visible  on  any 
of  the  organ  surfaces  or  in  the  lungs.  Kidney,  spleen,  li\er,  and  lung  were 
lixed  in  saturated  HgCl.,,  alcohol,  and  formalin. 

Bone  marrow  smears  were  made. 

Examiuation  of  the  films,  smears,  and  sections  of  this  rabbit  gave 
the  following  results  : — 

Film^. 

Film  made  at  11.15, — 10  minutes  alter  injection,      .         .  Hen  corpuscles  iiresent. 

11.25,-20         ,,  .....  A  few  present. 

11.35,-30         .,  ,,         .         .  .  None  found. 

,,  .,       11.45, — 40         ,.  ,,         .         .         .  None  found. 

,,  ,,       12.0,  — 55        ,,  ,,         .         .         .  None  found. 

Smear  of  the  bone  marrow  :  no  hen  corpuscles  could  be  distinguished. 


Kidney. — No  hen  corpuscles  seen  in  the  kidney — either  in  the  vessels  or 
in  the  tubes.  There  were  no  haemorrhages.  Spleen. — Showed  a  few  hen 
corpuscles,  but  not  a  trace  of  phagocytosis, — about  one  hen  corpuscle  was 
found  in  every  three  fields  of  the  high  power  (i).  Lnng. — No  hen  corpuscles 
were  found  in  the  lung.  Liver. — Hen  corpuscles  were  found  blocking  the 
capillaries  of  the  liver, — in  one  field  of  the  high  power  (^)  as  many  as  six 
clumps  of  hen  corpuscles  were  found,  each  clump  containing  three  or  four 
hen  corpuscles.     No  phagocytosis  was  observed  in  this  case. 

Rabbit  1  had  been  kept  under  the  same  conditions  as  to  cage,  feeding,  etc. 
as  Rabbit  2.  It  was  killed  and  its  organs  fixed  at  the  same  time  as  Rabbit  2. 
No  hsemoglobin  was  found  in  its  urine.  The  bladder  was  much  distended.  Tlie 
gall  bladder  was  not  distended.  Spleen  was  not  enlarged  ;  parasites  were  present 
in  the  peritoneal  cavity.  Sections  were  cut  of  the  various  organs,  and  the 
only  purpose  they  served  was  to  demonstrate  the  extreme  variability  of  the 
appearances  of  the  liver  cells  in  the  rabbit.  In  this  case  these  cells  showed  a 
faintly  staining  nucleus  in  the  centre,  a  thickened  polygonal  rim  of  dull-staining 
protoplasm,  and  an  intermediate  large  zone  which  was  empty.  The  cell  was 
much  swollen,  and  looked  as  if  it  were  necrosed.  Such  findings  in  a  presumably 
normal  rabbit  prevented  one  from  concluding  that  the  minor  degree  of  the 
change  found  in  Rabbit  2  was  a  toxic  one.  The  change  is  simply  due  to 
glycogenic  transformation,  but  it  is  very  confusing,  and  liable  to  lead  one 
astray. 


3)S4  /.  P.   M' GO  IVAN. 

Rabbit  3  (weakly  lytic)  and  Control  4  (lytic). — Eabbit  3  had  been  fed 
at  9.45  a.m.,  and  was  injected  at  11.8  intravenously  (by  ear  vein)  with  2  c.c. 
hen  corpuscles  (washed  six  times)  +  2  c.c.  (0'85  per  cent.)  saline.  The  rabbit 
was  kept  without  food  till  killed.  It  showed  no  signs  of  discomfort  after 
injection.  Blood  films  were  made  from  the  ear  vein  of  the  other  ear  at  8  a.m., 
12.30,  1,  3,  and  4  p.m.  The  rabbit  was  killed  at  4.10, — five  hours  after 
injection.  There  was  no  haemoglobin  in  the  urine  ;  parasites  were  present  in 
the  peritoneum.  Gall  bladder  was  not  distended.  The  spleen  was  not  enlarged. 
There  were  no  haemorrhages  to  be  observed  on  the  organ  surfaces  or  in  the 
lung.      Specimens  of  the  kidney,  spleen,  liver,  and  lung  were  fixed  as  before. 

Examination  of  the  films  ami  sections  of  this  rabbit  gave  the 
following  results : — 

Bhoil  Film.-:. 
No  hen  corpuscles  found  in  any  of  the  films. 

Sections. 

Kiilneij. — Showed  no  hen  corpuscles  or  haemorrhages.  Spleen. — Xo  hen 
corpuscles  seen.  Liver. — Showed  hen  corpuscles  present  in  fairly  large 
numbers.     They  were  markedly  necrotic  ;  no  phagocytosis. 

Eabbit  4  (Control). — Had  been  subjected  to  the  same  conditions  as 
Rabbit  3,  and  was  killed  at  4.20.  There  was  htemoglobin  in  urine  ;  the  bladder 
was  distended.  Parasites  were  present  in  the  peritoneum  ;  examination  of  the 
sections  served  the  same  purpose  as  in  Rabbit  1, — prevented  a  wrong  interpreta- 
tion being  put  on  the  appearances  in  the  liver  cells. 

Rabbits  6  (weakly  lytic)  and  5  (Control)  (lytic). — Rabbit  6  had 
been  fed  at  9.4.5,  and  was  injected  at  11.11  intravenously  (by  ear  vein)  with 
2  c.c.  hen  corpuscles  (washed  six  times) +  2  c.c.  (0'85  per  cent.)  saline.  It 
showed  no  signs  of  distress  after  injection  ;  a  blood  film  was  taken  from  its 
ear  vein  next  morning  at  10.4.5.  The  rabbit  was  killed  at  11  o'clock  next 
morning,  practically  twenty-four  hours  after  injection.  Food  was  withheld 
from  it  on  the  morning  when  it  was  killed.  There  was  no  haemoglobin  in  its 
urine ;  bladder  was  slightly  distended ;  gall  bladder  was  not  distended  ;  no 
luemorrhages  seen  anywhere;  spleen  was  slightly  enlarged.  Specimens  from 
the  kidney,  liver,  spleen,  and  lung  were  fixed  as  before. 

ExiimiiKitioii  of  the  lilms  anil  sections  gave  the  following  results  : — 

Films. 

Xo  hen  corpuscles  seen. 

Sertiuns. 

Kiclneij. — Xo  hen  corpuscles  or  haMuorrhages  seen.  Spleen. — No  hen 
corpu.sclcs  seen.  Liver. — Xo  hen  corpuscles  seen,  and  liver  cells  extremely 
necrotic  looking,  swollen,  and  vacuolated,  as  they  appeared  also  in  the  control 
Rabbit  5,  which  hail  no  otliei-  point  of  interest. 

Experiment  2. 

In  this  experiment  two  rabliiU  were  taken,  Ual)l)its  7  and  S.  Ten  e.c.  blood 
were  removed  hy  the  ear  vein.  The  blood  was  allowed  to  clot  and  the  .serum 
to  separate.  The  sera  were  then  tested  for  their  lytic  power  against  the  hen 
corpuscles  to  ho  used  for  injection.  The  hen  corpuscles  were  washed  six 
times  with  .saline  to  free  them  from  serum,  and  a  5  per  cent,  suspension  was 
used  for  the  test. 
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Rabbit 

7. 

Five  ]ier  Cent. 

Suspension  of  Hen 

Corpuscles. 

Rabbit 
Serum. 

Saline. 

1  1  o.e.     . 

+  0-1 

+  V4 

=  + 

2      ..       . 

+  0-2 

4.1-3 

=  + 

3  ,,       . 

4  .,        . 

+  0-4 
+  0-8 

+  1-1 
+  0-7 

One  and  a  half  hour 
at  37"  C. 

=  +  4- 
=  +  +  + 

fi      ., 

+  1-0 

+  0-5 

=  +  +  +  + 

6      ,.       . 

+  1-5 

+  0          1 

=c. 

/       „       . 

+  0 

+  1-5      1 

1 

=  0 

R.^BBIT 

8. 

1  1  e.e.     . 

+  0-1             +1-4 

r 

=  0 

2 

+  0-2             +1-3 

=  + 

3  ,.        . 

4  .,        . 

+  0-4      ,       +1-1 
+  0-8             +0-7 

One  and  a  half  liour   . 
at  37'  C. 

=  + 
=  +  +  + 

.')      ..... 

+  1-0             +0-5 

=  +  +  +  + 

6 

+  1-5 

+  0 

=  0. 

(      „       . 

+  0 

+  i-r) 

1 

=  0 

C.  =  complete  hremoly sis. 

+  + =good  amount. 

+  +  +  +  =  nearly  complete  hseniolysis 

+  =  trace 

+  +  +  =  marked  ha?nioly.sis. 

0   =none 

Both  these  rabbits  had  therefore  fairlj'  good  lytic  sera. 

R.iBBiT  7  (buck,  weight  2390  gnus.). — Fed  at  9.20  with  cabbage,  corn,  and 
bran.  Was  injected  intravenously  (by  ear  vein)  at  10.35  with  2  c.c.  hen  cor- 
puscles (washed  six  times)  +  2  c.c.  saline. 

Rabbit  8  (weight  1625  grms.). — Fed  at  9.20  with  cabbage,  bran,  and  corn. 
Injected  intravenously  into  ear  vein  at  10.35  with  2  c.c.  hen  corpuscles 
(washed  six  times)  +  2  c.c.  saline.  15oth  rabbits  were  calheterised  at  end  of 
twenty  minutes.  Haemofjlohin  teas  found 'in  the  urine  of  both.  Blood  was 
drawn  from  the  oars  of  both  at  the  end  of  twenty-five  minutes.  The  serum 
of  Rabbit  7  was  distinctly  haemoglobin  tinted,  while  the  serum  of  Rabbit  S 
was  darkly  hpemoglobin  tinted  Five  and  a  half  hours  after  injection  the 
urine  of  Kablut  7  contained  no  haemoglobin,  while  the  serum  of  Rabbit  8  was 
still  darkly  haemoglobin  tinted. 

Experiment  3. 
In  this  experiment  nine   rabbits   were   used.      All   had  good  iytii- 
sera  tovrards  hen  corpuscles  in  vitro. 

Rabbit  9  (doe). — Was  injected  intravenously  (bj-  ear  vein)  with  2  c.c.  hen 
corpuscles  (washed  six  times) -f  2  c.c.  normal  saline  at  3.42.  It  was  killed  at 
3.52, — ten  minutes  after  injection.  There  was  no  haemoglobin  in  the  urine. 
There  were  parasites  in  the  abdomen.  The  spleen  was  very  large ;  the  gall 
bladder  was  not  distended.  Specimens  from  the  spleen,  liver,  lung,  and  kidney 
were  fixed  as  before. 

Examination  of  the  sections  gave  the  following  results  : — 
Kidney. — Xo  hen  corpuscles  and  no  hremorrhagcs  found.     Spleen. — Pulp 
engorged  with  blood  and  space,-;  greatly  distended.     (This,  taken  into  considera- 
tion with  the  great  inorea.sc  in  size  of   the  organ,   may  bo    explained    by    a 
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dilatation  of  the  spleen,  acute  in  type,  to  make  room  for  the  injected  material.) 
Hen  corpuscles  were  seen  in  fairly  large  numbers ;  no  phagocytosis  was  seen. 
Liver. — Hen  corpuscles  present  in  very  great  numbers  ;  no  phagocytosis  seen. 
Lunij. — Xo  hen  corpuscles  seen. 

Kabbit  10  (doe). — Was  injected  intravenously  (by  ear  vein)  at  3.45  with 
2  c.c.  hen  corpuscles  (washed  six  times) +  2  c.c.  saline.  It  was  killed  at  4.5, 
twenty  minutes  after  injection.  There  was  no  hiemoglobin  in  the  urine. 
There  were  parasites  in  the  abdomen.  The  spleen  was  not  enlarged ;  gall 
bladder  was  not  distended  ;  specimens  from  the  spleen,  liver,  kidney,  and  lung 
were  fixed  as  before. 

Examination  of  the  sections  gave  the  following  results  : — 
Kidnei/.^No  hen  corpuscles  and  no  hfemorrhages  seen.     Spleen. — Large 
number  of  hen  corpuscles  seen  ;  no  phagocytosis.     Liver. — Very  large  number 
of  hen  corpuscles  seen ;  some  phagocytosis  of  the  hen  corpuscles  by  Kupfl'er's 
cell.     Ltmg. — No  hen  corpuscles  seen  in  lung. 

Rabbit  11  (big  grey  doe). — Injected  intravenously  (by  ear  vein)  at  11 
o'clock  with  2  c.c.  hen  corpuscles  (washed  six  times) +  2  c.c.  saline.  There 
was  no  distress  after  injection.  The  rabbit  was  killed  at  1 1.30, — half  an  hour 
after  injection.  The  bladder  was  distended  with  darkly  ha;uioglobin-tinted 
urine.  No  hen  or  rabbit  corpuscles  were  found  in  the  deposit  from  the 
urine  ;  smears  were  made  from  the  femur  and  rib  marrow.  Specimens  from  the 
lung,  liver,  spleen,  kidnej^  and  bone  marrow  were  fi.xed  as  before.  The  spleen 
was  not  enlarged.     The  gall  bladder  was  not  distended. 

E.xamination  of  the  films  and  sections  gave  the  following  results  : — 

Films. 
In  bone  marrow  films  no  hen  corimscles  wore  ob.served. 

Sections. 

Kidnei/. — Xo  hen  corpuscles  and  no  hsemorrhages  were  observed. 
Spleen. — The  hen  corpuscles  were  present  in  small  numbers,  and  there  was  no 
trace  of  phagocytosis.  Liver. — The  hen  corpuscles  were  present  in  large 
numbers,  and  there  were  a  very  few  instances  of  phagocytosis  by  the  KupHer 
cells.     Lung. — Xo  hen  corpuscles  .seen. 

Rabbit  12  (doe). — Was  injected  intravenously  into  ear  vein  with  2  c.c.  hen 
corpuscles  (washed  six  times) +  2  c.c  saline  at  11.5.  There  was  no  sign  of 
distress.  It  was  killed  at  12.5, — one  hour  after  injection.  The  bladder 
was  distended  with  dark  hfemoglobin  coloured  urine.  Xo  hen  or  rabbit 
blood  corpuscles  were  found  in  the  deposit  from  the  urine.  There  were 
parasitic  cysts  in  the  abdomen.  Specimens  from  the  liver,  lung,  sjileen,  and 
kidney  were  fixed  as  before,  lione  marrow  smears  were  made.  The  spleen 
was  not  enlarged.     The  gall  bladder  was  not  distended. 

E.xamination  of  the  films  and  sections  gave  the  following  results: — 

Films. 

No  hen  corpuscles  seen  in  the  bone-marrow  films. 
Sertiotis. 
'••   Kidni'i). —  No  liaMiiorrhages  and    no  liei\    corpuscles   .seen.     Spleen. — Hen 
corpuscles    hardly  to    he    found;    no    jihagocytosis.     Lirer.  —  Hen    corpuscles 
found  in  large  numbers  ;  a  few  instances  of  phagocytosis  by  KuplTer's  cells. 
Lunij. — No  hen  corpuscles  seen. 

Rabbit  13. — Was  injected  intravenously  with  2  c.c.  hen  corpuscles  (washed 
six  times)  +  2  c.c,  saline  at  2.15.  There  was  no  sign  of  distress.  It  was  killed 
at  3.45, — one  and  u  half  hours  after  injection.  Tin'  bladilcr  was  distended  witli 
deeply  hcemoglobin-staiiied  urine.     No  hen  or  rabbit  blood  corpuscles  foinid 
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in  the  deposit  from  the  urine.       Specimens  from  liver,  spleen,  and    kidney 
fixed  as  before.     Films  were  made  from  bone  marrow. 

Exauiioation  of  the  films  and  sections  gave  the  following  results  : — 

Films. 

Fihns  of  bone  marrow  :   no  hen  corpuscles  seen. 
Bedions. 

Kidney. — Xo  haemorrhages  and  no  hen  corpuscles.  Spleen. — No  hen 
corpuscles  seen.  Liver. — Hen  corpuscles  present  in  small  numbers. 
Phagocytosis  doubtfully  present. 

Rabbit  14  (buck,  small  brown  grey,  with  large  ears). — Injected  at  11.10  with 
2  c.c.  hen  corpuscles  (washed  six  times)  +  2  c.c.  saline  intravenously  (by 
ear  vein).  There  was  no  sign  of  distress.  It  was  killed  at  1.10, — two  hours 
after  injection.  The  bladder  was  distended  with  hsemoglobin-tinted  urine. 
No  hen  or  rabbit  blood  corpuscles  in  the  deposit.  There  were  no  parasites 
in  the  peritoneum.     Liver,  kidney,  spleen,  and  lung  fi.\;ed  as  before. 

Examination  of  the  sections  gave  the  following  results : — 
Kidney. — No  hen  corpuscles  and  no  haBmorrhages.  Spleen. — Xo  hen 
corpuscles  and  no  phagocytosis.  Liver. — Hen  corpuscles  present  in  small 
numbers — fused.  Phagocytosis  not  observed.  (In  those  rabbits  killed  at  later 
periods  it  was  difficult  in  the  liver  to  observe  the  hen  corpuscles  owing  to 
the  very  great  swelling  of  the  liver  cells  with  glycogen.)  Lung.- — No  hen 
corpuscles  seen. 

Rabbit  15  (buck,  white,  black  nose). — Was  injected  intravenously  by 
ear  vein  at  11.12  with  2  c.c.  hen  corpuscles  4-  2  c.c.  saline  as  before.  There 
was  no  sign  of  distress.  The  rabbit  was  killed  at  4.12, — five  hours  after 
injection.  There  was  no  haemoglobin  in  the  urine.  Specimens  from  the 
liver,  spleen,  kidney,  and  lung  were  fixed  as  before. 

Examination  of  the  sections  gave  the  following  results : — 
Kidney. — No   hen    corpuscles    and   no   haemorrhages.     Spleen. — No   hen 
corpuscles  and  no  phagocytosis.     Liver. — An  occasional  hen  corpuscle  seen. 
L^mr). — No  hen  corpuscles  seen. 

Rabbit  16  (grey  buck). — ^Was  injected  intravenously  by  ear  vein  as 
before  at  11.15.  There  was  no  sign  of  distress.  It  was  killed  next  day  at 
9.30, — twenty-three  hours  after  injection.  There  was  no  haemoglobin  in  the 
urine.  There  were  no  parasites  in  the  abdomen.  Specimens  were  fixed  as 
before  from  the  liver,  lung,  spleen,  and  kidney. 

Examination  of  the  sections  gave  the  following  results : — 

In  the  kidney,  spleen,  liver,  and  kidney  no  hen  corpuscles  were  seen,  ami 

there  was  no  haemorrhage. 

Rabbit   17   (doe). — Injected   as   before   at    11.20,  killed   forty-six   hours 

later.     No  hemoglobin  in  urine.     No  parasites  in  abdomen.     Specimens  fixed 

as  before.     No  hen  corpuscles  seen  in  any  of  the  organs  on  microscopical 

examination. 

In  these  experiments  the  most  notable  thing  was  the  almost 
entire  absence  of  phagocytosis.  The  only  place  where  I  observed 
phagocytosis  was  in  the  Kupffer  cells  of  the  liver,  and  then  to  a  very 
limited  extent.  Nevertheless  ha-molysis  of  the  injected  hen  corpuscles 
took  place  in  vivo,  its  presence  being  determined  by  drawing  oft' 
samples  of  blood,  catheterising  the  rabbits  and  examining  the  bladder 
at  the  post-mortem   examinations.      Where  the  serum   of  the   rabbits 
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was  actively  luemolytic  to  the  heu  corpuscles  in  vitro,  it  was  actively 
htemolytic  in  vivo,  as  evidenced  by  blood-stained  serum  and  blood- 
stained urine  being  obtained  in  these  cases  as  early  as  twenty  minutes 
after  the  injection.  This  hiemolytic  activity  was  also  shown  by  the 
scantiness  of  the  hen  corpuscles  in  the  organs  of  these  rabbits  as 
compared  with  their  frequency  in  the  organs  of  rabbits  with  a  serum 
weakly  lytic  in  vitro.  In  the  latter  rabbits,  after  an  hour,  the  liver 
capillaries  were  found  choked  with  plugs  of  the  hen  corpuscles. 
Films  made  from  the  blood  of  such  rabbits  showed  that  hen  corpuscles 
were  absent  from  the  general  circulation  in  about  thirty  minutes. 
In  both  series  of  rabbits  the  phenomenon  chiefly  noticeable  was  the 
accumulation  of  the  hen  corpuscles  in  the  liver,  where  they  could  be 
found  in  larger  quantities  and  for  much  longer  time  than  in  any  of 
the  other  organs.  They  could  be  found  in  the  spleen  at  the  end  of 
an  hour  with  difficulty,  in  marked  contrast  to  the  ease  with  which 
they  could  be  found  in  the  liver.  In  no  other  organ  could  I  find 
them  even  ten  minutes  after  injection.  Again,  the  almost  entire 
absence  of  phagocytosis  was  a  noticeable  feature,  in  contrast  with  what 
Lev'aditi  found  when  he  injected  guinea-pigs  with  pigeon  corpuscles. 
I  only  observed  this  phenomenon  about  twice  altogether — in  the  liver  of 
Eabbit  11  (Experiments).  That  was  half  an  hour  after  injection.  On 
the  contrary,  I  did  not  observe  it  in  Rabbit  2  (Experiment  1)  one  hour 
after  injection,  although  the  liver  was  crammed  with  heu  corpuscles. 
Nor  did  I  observe  any  evidence  of  phagocytosis  by  the  leucocytes  in 
the  blood  stream  of  Itabbits  2,  3,  or  6  (Experiment  1).  In  spite  of 
the  absence  of  phagocytosis,  which  according  to  Levaditi  is  the  cause 
of  the  lysis  of  the  pigeon  corpuscles  observed  in  his  experiments,  heu 
corpuscles  wlien  injected  intravenously  into  a  rabbit  with  strongly 
lytic  senim  //(  vitro  were  rapidly  lysed  even  in  twenty  minutes,  as 
evidenced  by  the  deej)  hicmoglobin-tinted  urine  and  scrum.  Where 
the  serum  was  weakly  lytic  in  vitro  there  was  a  corresponding  weak  lytic 
action  in  vivo,  as  shown  by  tlie  absence  of  iuemoglobin  in  the  urine,  and 
by  the  persistence  of  the  hen  corpuscles  in  much  larger  numbers  and 
for  a  nnich  longer  time  in  the  liver.  The  rapidity  of  the  lysis  in  vivo 
— the  urine  and  serum  appearing  darkly  hannoglobiu  tinted  in  twenty 
minutes — is  also  against  phagocytosis  being  an  explanation  of  the 
lysi.s.  Levaditi  further  states  that  when  his  guinea-pigs  had  been 
imnnniised  against  pigeon  corpuscles,  and  were  then  injected  intraven- 
ously, ijhagocytosis  was  not  the  cause  nf  thr  rajiid  lysis,  but  tlie 
rajjid  lysis  took  ])lace  in  the  blood  extraccllularly. 

It  is  a  dictum  of  MetchnikofT  and  his  school,  to  which  Levaditi 
belongs,  that  comjdement  is  set  free  in  the  blood  stream  by  the 
"  pliagolysis  "  incident  on  the  damaging  effects  on  the  leucocytes  of  the 
blood  liy  an  intravenous  injection  of  serum,  blood  cor])Uscle8,  etc.  It 
is  also  <jne  of  their  beliefs  that  this  phagolysis  am  be  jnevcnted  by 
a  previous  injection.     Wiiy,  then,  is  not  the  complement  set  free  in 


FATE  OF  HEX  CORPUSCLES  INJECTED  INTO  RABBITS.     nsO 

the  blood  stream  of  fresh  guinea-pigs  when  these  are  injected  with 
pigeon  corpuscles,  and  why  are  immune  guinea-pigs  so  liable  to  such 
an  event  when  similarly  injected  ? 

Eabbit  serum  contains  in  many  cases  a  lysin  for  hen  corpuscles, 
which  shows  the  feature  of  a  compound  lysin  in  that  it  can  be 
inactivated  by  heating  to  56°  C.  for  half  an  hour.  Whether  this 
lysin  can  be  reactivated  or  not  by  some  other  non-lytic  serum  I 
have  not  as  yet  determined,  but  the  probability  is  (to  judge  from 
analogous  normal  sera  instanced  by  Ehrlich)  that  it  can  be  so 
complemented.  The  rapidity  with  which  the  reaction  takes  place 
in  vivo,  and  the  absence  of  phagocytosis,  shows  to  my  mind  that  the 
in  vitro  and  in  vivo  reactions  are  the  same.  Granting  that  the  lytic 
action  is  a  compound  one — due  to  complement  and  immune  body 
(natural) — the  question  arises,  can  we  deduce  from  these  experiments 
any  information  as  to  the  seat  of  origin  of  the  complement  ?  Taken 
by  themselves  the  experiments  now  detailed  give  no  clue,  but  taken 
in  conjunction  with  results  to  be  published  later  which  confirm  and 
amplify  the  work  of  Falloise  and  Gruber,  they  go  to  show  that  the 
leucocytes — of  the  blood,  spleen,  bone  marrow,  etc. — do  not  form 
complement.  The  other  point  brought  out  by  the  experiments — the 
accumulation  in  and  sifting  out  by  the  liver  of  the  hen  corpuscles — 
raises  the  question  of  how  far  the  liver  may  be  the  seat  of  origin  of 
immune  body.  Where  the  rabbit  serum  is  strongly  lytic  in  vitro, 
the  lysis  in  vivo,  in  my  opinion,  takes  place  in  the  general  blood 
stream, — not  by  means  of  any  particular  organ.  So  that  this 
"  primary  "  lysis  being  due  to  already  existing  immune  body  can  give 
no  clue  to  the  seat  of  origin  of  immune  body. 

When  ox  blood  corpuscles  are  injected  intravenously  in  large 
quantities  in  a  rabbit  which  has  been  carefully  chosen  with  regard 
to  its  serum  not  being  normally  lytic  to  ox  corpuscles,  no  lysis  takes 
place  until  about  the  third  day,  and  then  it  takes  place  critically,  the 
rabbit  passing  haemoglobin  in  its  urine  in  lai-ge  quantities  for  several 
hours.  Sachs  first  showed  this,  and  mj'  own  experiments  (to  be 
published  later)  amply  confirm  it.  It  is  obvious  that  one  cannot 
watch  histologically  what  is  taking  place  during  these  three  days  in 
the  ox  coupuscles,  owing  to  their  resemblance  to  rabbit  corpuscles. 
But  if  one  uses  hen  corpuscles,  and  especially  if  one  uses  hen 
corpuscles  in  rabbits  with  sera  weakly  lytic  to  hen  corpuscles,  one  can 
get  to  know  something  at  least  of  what  is  going  on.  The  main 
phenomenon  observed,  as  mentioned  above,  is  the  accumulation  of  the 
hon  corpuscles  in  the  capillaries  or  sinusoids  of  the  liver.  There  is 
a  trifling  amount  of  phagocytosis  by  the  Kupflier  cells,  but  it  is 
e.'ctremely  small  in  amount,  and  has  only  been  observed  by  me  iu  one 
rabbit  (possessing  normally  lytic  serum)  thirty  minutes  after  injection. 
I  need  not  say  that  it  was  far  too  small  in  amount  to  cause  even  a 
fraction   of    the  "  primarj' "   lysis.      Tiiut    the    hen  corpuscles  arc   not 
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specially  liable  to  stick  in  the  capillaries  of  the  liver  by  their  size,  etc., 
is  shown  by  the  results  of  Pontick  and  others,  who  found  that  foreign 
particles  of  minute  size,  such  as  cinnabar,  Chinese  ink,  carmine,  etc., 
when  injected  intravenously,  tended  to  accumulate  more  in  the  liver 
than  in  any  other  organ.  That  there  is  a  mechanism  in  the  liver 
for  dealing  with  such  particles  may  be  presumed  to  exist  when  we 
consider  the  markedly  phagocytic  powers  of  the  Kupffer  cells  and  the 
fine  intracellular  channels  which  have  been  shown  by  Herring  and 
Simpson  (1906^),  among  others,  to  communicate  directly  with  the 
capillaries  or  sinusoids  of  the  liver.  Blood  corpuscles  (Herring  and 
Simpson)  (^)  and  pneumococci  (Weber,  1909^)  have  been  found 
inside  liver  cells,  and  I  myself  have  a  specimen  from  the  above 
experiments  (Rabbit  11,  Experiment  3)  in  which  several  expert 
microscopists  have  given  it  as  their  opinion  that  a  liver  cell  contains 
two  hen  coi'puscles. 

As  regards  some  of  the  further  evidence  that  the  liver  may  be 
the  seat  of  formation  of  the  immune  body,  one  may  consider  its 
function  as  a  digestive  gland.  Many  observers  have  produced 
antibodies  to  specific  antigens  by  feeding  the  animal  on  the  antigen. 
I  myself  have  produced  a  lysin,  agglutinin,  and  precipitin  to  ox  blood 
by  feeding  rabbits  on  ox  blood  (the  full  details  of  the  experiments 
I  shall  publish  later).  Many  authoi's  too  have  shown  that  the  dose 
of  a  poison  is  much  less  when  injected  by  the  ear  vein  than  when 
injected  by  the  mesenteric  vein.  This  may  mean  either  that  the 
liver  has  a  specific  neutralising  power  for  toxins  which  might  be 
exaggerated  into  the  production  and  giving  ofl'  of  antibodies,  or 
that  the  poison  was  simply  mechanically  retained  and  diluted  by 
the  large  volume  of  blood  in  the  liver.  Whichever  interpreta- 
tion is  taken,  one  can  at  least  draw  the  deduction  from  such 
experiments  that  the  liver  by  retaining  these  toxins  in  its  sub- 
stance has  a  special  opportunity  of  acting  on  them  which  might 
lead  to  the  production  of  an  antibody.  Such  exj)eriments  give  ground 
for  the  belief,  too,  that  not  only  particulate  objects  are  arrested  in  the 
liver,  but  also  substances  soluble  in  the  blood.  Delezenne  (1898  *) 
further  showed,  by  perfusion  of  the  liver,  that  this  organ  was  tlie  seat 
of  formation  of  antithrombin.  His  experiments  are  not  convincing, 
but  tliey  arc  cited  fur  the  bearing  they  have  on  the  present  snbject. 

KxrKIJIMKNTS    Tl)     HKTKU.MINE    IN"    A     DlKKCT    AV.W     IT    TllK     LiVKK     IS 

THE  Seat  ok  Formation  ok  Immune  IJodv. 

MetchiiikoH'  and  Tarassevitch  had  investigated  this  i|ucstit)u  by 
making  extracts  of  various  organs  in  saline  and  comparing  the  lytic 
action  of  such  organ  extracts  witli  one  another  and  with  the  blood 
serum.  They  also  \ised  this  method  of  detecting  a  lytic  ]>ower  in 
certain  extracts  of  organs  before   it  was  present  in  otiiers  or  in  the 
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blood  serum.  By  this  meaus  they  determined  that  the  spleen  and 
lymphatic  tissue  of  the  body  were  the  seat  of  origin  of  the  immune 
body.  At  the  outset  there  are  several  strong  objections  to  such  a 
method.  There  is  no  method  of  estimating,  once  the  immune  body  has 
appeared  in  the  serum,  how  much  of  a  certain  organ  or  tissue  is  to  be 
taken  as  corresponding  to  a  certain  amount  of  blood  or  blood  serum. 
Where  the  immune  body  has  not  appeared  in  the  serum,  one  must 
carefully  differentiate  between  a  lysis  produced  by  autolysis  of  organ 
extracts  and  a  true  lysis  due  to  the  action  of  complement  and  immune 
body.  Conradi  (1901^)  showed  that  sterile  autolysates  of  organs 
would  lyse  not  only  the  blood  corpuscles  of  foreign  species,  but  the 
animal's  own  blood  corpuscles.  Tarassevitch  (1902'')  has  not  taken 
this  iuto  consideration,  and  indeed  states  that  the  organ  extracts  lysed 
(juite  well  after  being  heated  for  half  an  hour  at  56°  C,  a  fact  which 
at  once  differentiates  this  lysis  from  one  due  to  complement  and 
immune  body.  He  found  also  that  the  presence  of  debris  in  the 
organ  emulsion  protected  the  lytic  power  when  the  emulsion  was 
heated,  showing  further  that  this  lytic  action  had  nothing  to  do  with 
a  true  complement  and  immune  body  reaction.  I  had  already  per- 
formed the  experiments  recorded  below  on  the  question  of  the  liver 
being  the  seat  of  formation  of  immune  body,  and  had  found  that  it 
was  impossible  to  arrive  at  any  conclusion  from  the  use  of  organ 
extracts  owing  to  the  absorption  of  complement  by  the  organ  debris, 
when  on  looking  up  the  literature  I  found  that  among  others  Von 
Dungern  (1900")  and  Muir  (1903^)  had  recorded  the  absorptive 
power  of  organ  debris  for  complement.  This  is  the  strongest  criticism 
that  can  be  brought  against  Tarassevitch's  results,  for  he  did  not 
recognise  this  fact,  and,  whatever  the  lysis  he  found  was  due  to,  it  cer- 
tainly was  not  due  to  the  combination  of  complement  and  iunnune  body. 

Experiments  1  and  2. 

Two  rabbits  were  taken  and  their  .-^erum  was  ascertained  tn  be  free  from 
normal  lysin  for  ox  blood  corpuscles.  They  were  injected  intravenously  with 
2  c.c.  washed  ox  blood  corpuscles,  and  they  were  killed  by  bleeding  from  the 
carotid  artery  twenty-four  hours  after  injection.  The  object  of  killing  so  early 
was  to  get  the  animal's  serum  before  any  immune  1  ody  appeared  in  it, — iunuune 
body  usually  not  appearing  in  the  serum  under  these  conditions  until  about 
the  third  day.  It  was  hoped,  however,  that  some  evidence  of  the  presence 
of  this  substance  in  some  of  the  organs  might  be  obtained.  The  liver,  spleen, 
kidney,  and  suprarenals  were  minced  up  in  both  cases  with  the  rabbit's  own  sera 
(which  showed  no  immune  body)  and  with  .saline.  These  sera  and  .saline 
extracts  were  tested  with  ox  blood  corpuscles,  to  the  saline  extract  being  added 
as  complement  rabbit  serum, — of  itself  nondytic.  l^o  lysis  was  obtauied 
with  any  of  the  organ  extracts  after  incubating  for  two  hours  at  37°  C. 

Experiment  3. 

It  was  thought  that  the  rabbits  in  the  last  experiment  had  not  been 
allowed  to  live  long  enough  after  the  injection.  A  rabbit  whose  serum  was 
ascertained  by  testing   to   be  free  from  normal  lysin  for   ox  corpuscles  was 


392  /.  P.   M' GO  WAN. 

injected  intravenously  with  2  c.c.  ox  blood  corpuscles.  Three  days  after 
injection  it  was  killed  by  bleeding,  and  its  serum  was  found  to  contain  immune 
body.  Nevertheless  its  serum  was  used  to  extract  the  organs  of  a  fresh 
control  rabbit,  and  its  organs  were  extracted  by  the  serum  of  this  fresh  control 
rabbit.  These  extracts  were  tested  for  immune  body  by  addition  of  a  suspension 
of  ox  blood  corpuscle  and  incubation.  Xo  lysis  took  place,  although  the 
serum  of  the  injected  rabbit  was  of  itself  lytic  to  ox  corpuscles. 

Experiments  4  and  5. 

Two  rabbits  without  normal  lysin  for  ox  blood  corpuscles  in  their  blood 
were  injected  intravenously  with  ox  blood  corpuscles.  Two  days  after  this 
they  were  injected,  one  intravenously  and  one  subcutaneously,  with  ox  blood 
corjjuscles  to  try  to  stimulate  in  the  organ  of  formation,  by  the  presence  of 
these  blood  corpuscles,  the  production  of  immune  body.  Three  hours  after 
injection  they  were  both  killed  by  bleeding.  Their  .serum  showed  no  immune 
body,  nor  did  extracts  with  the  serum  of  the  liver,  kidney,  spleen,  or  suprarenal. 

Experiments  6  and  7. 

Two  rabbits  were  taken  which  had  been  injected  frequently  with  ox  blood 
corpuscles.  The  minimal  hasmolytic  dose  of  their  serum,  as  regards  immune 
body,  when  fully  complemented,  for  1  c.c.  1  per  cent,  ox  blood  corpuscles  was 
about  0"002  c.c.  They  were  killed  by  bleeding,  and  their  organs — liver,  spleen, 
kidney,  and  suprarenals — extracted  with  their  own  sera  to  see  if  any  of  the 
organ  extracts  contained  more  immune  body  than  the  corresponding  serum. 
It  was  found  that  the  minimal  hsemolytic  dose  of  the  serum  extracts  as  regards 
immune  body  was  the  same  as  the  extracting  serum,  showing  tliat  there  was  no 
accession  of  immune  body  from  any  of  the  organs,  and  that  the  organ  extracts 
did  not  absorb  any  of  the  immune  body.  But  such  quantities  of  these  serum 
extracts  as  1  c.c,  owing  to  the  absorption  of  the  complement  by  the  organ 
debris,  gave  no  hi^molysis  with  a  suspension  of  ox  corpuscles,  and  this  in  spite 
of  the  strength  of  the  sera  recorded  above. 

The  organ  extracts  were  made  by  chopping  up  the  tissues  with  a  razor, 
adding  the  serum  or  saline  and  allowing  to  stand  overnight  at  8°  C.  They 
were  then  centrifuged  and  filtered  tlirough  filter  paper.  In  some  cases  thej' 
were  even  filtered  through  a  Berkcfeld  filter.  But  this  process  was  laborious, 
and  wliere  it  succeeded  it  gave  the  same  result. 

I  tliiis  obtained  no  clue  by  the  use  of  this  inelliod  as  to  the  seal 
of  origin  of  imniuue  body.  I  next  tried  to  obtain  some  light  on  the 
subject  by  modified  perfusion  and  by  perfusion  experiments  ou  the 
liver. 

Experiment  1. 

A  rabbit,  which  was  ascertained  by  testing  to  liave  no  normal  lysin  for 
ox  blood  corpuscles  in  its  blood,  was  injected  intravenously  with  2  c.c.  ox 
blood  corpuscles.  Two  days  after  injection  it  was  killed  liy  bleeding  from 
the  carotid.  As  yet  no  immune  l)ody  had  appeared  in  its  blood.  The  portal 
vein  and  inferior  vena  cava  below  the  liver  were  ligatured,  and  a  caiimda  was 
placed  in  the  inferior  vena  cava  above  the  liver.  The  liver  was  put  in  a 
.saline  bath  at  37°  C.  It  was  then  injected  at  a  low  pressure  by  means  of 
the  cannula  in  the  inferior  vena  cava  with  40  c.c.  of  1  ]ier  rent,  ox  blood 
corpusc'les  in  the  rabbit's  own  serum.  The  liver  was  kept  at  37°  C.  for  two 
hour.s,  and  then  some  of  the  lluid  withdrawn  from  the  inferior  vena  cava. 
This  tluid  was  found  to  be  nnirkediy  h.Tmoglobin  -  tinted ;  but  a  control 
normal  rabbit  done  at  the  same  time  gave  the  same  result. 
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Experiment  2. 

Experiment  1  was  repeated  and  the  same  result  obtained. 

Experiment  3. 

A  rabbit  whicb  had  been  ascertained  to  have  no  normal  lysin  in  its  serum 
for  ox  blood  corpuscles  was  injected  intravenously  with  2  c.c.  ox  blood  corpuscles. 
Two  days  after  this  injection  it  was  killed  bj'  bleeding.  There  was  no  immune 
body  in  its  blood.  The  liver  was  excised,  put  in  a  saline  bath  at  37°  C,  and 
perfused  with  1  per  cent,  ox  blood  corpuscles  in  saline.  The  corpuscular 
suspension  was  kept  circulating  with  a  Higginson's  syringe  at  a  low  pressure, 
as  judged  by  a  mercury  manometer.  It  was  hoped  that  by  this  means  the 
ox  blood  corpuscles  might  become  sensitised  with  immune  body.  Samples 
were  drawn  oil"  at  various  intervals,  complement  was  added  to  them,  and  they 
were  incubated.  Xo  htemolysis  occurred.  2so  immune  body  appeared  to  have 
been  given  off  to  them. 

Experiment  4. 
Experiment  3  was  repeated,  with  the  same  result. 

From  these  experiments  I  obtained  no  positive  information,  nor  did 
I  obtain  any  from  the  following  experiment. 

Experiment  1. 

A  rabbit  which  had  been  immunised  with  ox  blood  corpuscles,  and  whose 
serum  was  very  actively  lytic  to  ox  blood  corpuscles,  was  injected  intravenously 
with  4  c.c.  ox  blood  corpuscles.  Half  an  hour  after  injection  it  was  killed 
by  pithing.  The  abdomen  and  thorax  were  immediately  opened  and  the 
liver  ligatured  out  of  the  circulation.  The  animal  was  kept  at  room  temperature 
for  half  an  hour.  Blood  was  then  obtained  from  the  liver  and  from  the  general 
circulation,  and  the  minimal  hsemolytic  dose  of  immune  body  was  ascertained 
in  each  case.  It  was  found  to  be  the  same,  and  thus  there  had  been  no 
removal  from,  or  accession  to,  the  amount  of  immune  body  in  the  serum  by 
its  remaining  in  the  liver. 

Experiment  2. 

Experiment  1  was  repeated,  with  the  same  result.  These  direct  experi- 
ments on  the  liver  have  failed,  therefore,  to  give  any  positive  information  as 
to  its  being  the  seat  of  formation  of  immune  body. 

Conclusions. 

1.  Washed  hen  corpuscles,  when  injected  intravenously  into  a 
rabbit  whose  serum  lyses  hen  corpuscles  in  vitro,  are  very  rapidly 
dissolved  in  the  circulating  plasma  without  any  intervention  of 
phagocytosis.  This  is  some  evidence  for  the  view  that  the  comple- 
ment is  free  in  the  circulating  plasma. 

2.  Further,  when  they  are  so  injected,  more  especially  when  the 
rabbit's  serum  is  not  lytic  mi  vitro,  they  tend  very  rapidly  to 
accumulate  in  the  liver,  disappearing  meanwhile  from  the  blood  and 
such  organs  as  the  spleen. 

26 ■'■-•  OF  rATlI.— vol.  XIV. 
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3.  This  accumulation  in  the  liver,  taken  in  conjunction  with  the 
known  phagocytic  power  of  the  Kupfler  cells,  the  metabolic  activity 
of  the  liver  cells,  and  their  known  action  on  the  products  of  digestion, 
gives  colour  to  the  view  that  the  liver  may  be  the  seat  of  formation 
of  immune  body. 

4.  The  attempt  to  get  information  as  to  whether  or  not  the  liver 
is  such  a  seat,  by  making  extracts  of  the  liver,  fails  because  of  the 
absorptive  power  of  organ  extracts  for  complement. 

5.  Various  experiments  noted  above  were  done  on  the  liver 
of  rabbits  to  see  if  any  facts  pointing  to  it  as  a  source  of  immune 
body  could  be  obtained,  but  without  success. 

REFERENCES. 

1.  Levaditi Anil,   de  Vlnst.    Pasfi'iir,    Paris,  1901,   tome 

XV.  p.  894. 

2.  Herring  and  Simpson  .     .     Pi-oc.  Roy.  Soc.  London,  Sect.  1!,  1906,  vol. 

Ixxviii.  p.  455. 

3.  Weber Compt.    rend.    Soc     de    hioL,    Paris,    1909, 

February,  tome  Ixvi.  p.  292. 

4.  Delezenne "  Travaux  de  Physiol.  Univ.  de  Montpelier," 

1898. 

5.  CoNRADi 5e(7?-.  2.  f/iejH.  P/i?/s.,  IJraunschweig,  1901,  Bd 

i.  S.  136. 

6.  Tarassevitch Ann.  de   Vlnst.    Pai^feur,    Paris,  1902,   tome 

xvi.  p.  127. 

7.  Von  DuNGERN      ....     Miinrhen.  med.Wflinsr.hr., 1^00,^^.  f>ll,  0,^2. 

8.  MuiR Lancet,  London,  1903,  vol.  ii.  p.  446. 


Journal  of  Patholo;/;/  ami  Bacferiologij,  Vol,  XV, 


SOME  INVESTIGATIONS  INTO  THE  PROBLEM  OF 
THE  ORIGIN  OF  IMMUNE  BODY.' 

By   J.   P.  M'GowAN,   M.A.,   M.D.,  B.Sc,  Bacteriologist  to  the 
Royal  College  of  Physicians  Laboratory,  Edinburyh. 

From  the  Royal  College  of  Physieians  Laboratory,  Edinburyh. 

The  literature  on  this  subject  is  very  confusing,  owing  to  the 
lax  use  of  such  terms  as  "  cytase  "  and  "  alexine."  In  certain  papers 
one  is  led  to  believe  that  these  are  used  as  synonymous  with  the 
combination  of  complement  and  immune  body.  To  a  great  extent  this 
is  due  to  the  work  having  been  done  and  the  papers  written,  before 
Ehrlich  differentiated  the  two  substances  in  immune  sera — the 
complement  and  immune  body.  But  even  after  Ehrlich's  work  this 
confusion  still  continued,  more  especially  with  regard  to  the  word 
cytase.  I  shall  not,  however,  enter  more  fully  here  into  this  question 
than  to  say  that  in  a  question  involving  two  variants — complement 
and  immune  body  —  one  (the  immune  body)  has  tacitly  been 
assumed  to  remain  constant,  and  the  variations  of  the  other,  the 
complement,  have  been  observed  under  different  conditions.  In  addition 
to  this  initial  fallacy,  observations  which  could  only  have  a  bearing  on 
the  origin  of  complement  have,  very  illogically  as  I  think,  been 
applied  to  locate  the  origin  of  immune  body. 

Another  fallacy  has  been  introduced  into  the  work  on  tliis 
subject.  Some  investigators  have  used  extracts  of  various  organs 
in  different  conditions  to  determine  from  what  situation  immune 
body  was  derived.  But  as  von  Dungern  (1900"),  Muir  (1903"), 
and  others  have  shown,  tissue  debris  absorbs  and  renders  inert  large 
quantities  of  coni]ili'ment.  A  factor  is  thus  intmihu^cd  wliich  cannot 
be  controlled. 

JUillcicli  (1901  ')  was  miiniii,' tlio  first  to  invcstij^alc  tho  scat  nf  origin  of  nn 
iminunc  Itody  as  siu'.li.  Ill^  llioiij,'lit  tliat  if  tho  lounocyl*'  l>ioiluc('(l  llic  iiiimunt' 
boily,  n  rise  in  their  count  in  ttic  hlooil  stream  ou^lit  to  he  oliserveil  during;  tlii' 
proce.as   of    immunising    ii    ral)l)it   with    ox    lilood   corpuscles.      From    results 

'  This  work  vms  done  on  a  grant  from  the  Carnogie  Tnistoo.s,  to  whom  I  wish  hero  to 
oxpi'csii  my  greut  indcbivduesa.     [Received  Tor  publication  Ajnil  ir>,  1910.] 
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obtained  in  this  way  he  came  to  the  conclusion  that  the  immune  bodj-  was 
formed  from  the  mononuclears  of  the  blood.  Holmes  (1905'')  observed 
the  changes  in  the  leucocytes  of  the  blood  of  rabbits  injected  with  foreign 
blood  corpuscles.  Though  he  makes  no  statement  as  to  special  leucocytes 
being  the  seat  of  formation  of  immune  body,  he  concludes  that  the 
injection  of  these  blood  corpuscles  produced  a  reaction  exclusively  affecting 
the  mononuclear  leucocvtes. 


Blood  Couxt  Observatioxs  on  Eabbit.s  injected  avith 
Ox  Blood. 

My  attention  was  drawn  to  these  papers,  and  arrested  by  the 
fact  that  both  observers  so  clearly  attribute  a  definite  specific  reaction 
to  a  definite  set  of  blood  cells,  and  I  thought  the  matter  worth 
inquiring  into.  Before,  however,  repeating  their  experiments  I 
considered  it  a  necessary  preliminary  to  study  the  variations  of  the 
leucocytes  as  regards  absolute  and  relative  numbers  in  the  normal 
rabbit.  Brinkerhoff  and  Tyzzer  (1902  ^)  give  the  following  figures, 
for  rabbits'  leucocytes  :  Amphophils,  40  to  50  per  cent.  ;  eosinophils, 
0"5  to  1  per  cent.  ;  mast  cells,  4  to  8  per  cent. ;  lymphocytes,  45  to  55 
per  cent. ;  large  mononuclears,  2  to  8  per  cent.  As  regards  the  total 
count  in  normal  rabbits,  they  state  that  the  leucocytes  may  vary  in 
different  individuals  from  4600  per  c.mm.  to  13,400  per  cmm. 
Holmes'  agrees  with  this  latter  statement.  Lisin  (1908  *)  gives  the 
following  figures  for  leucocyte  counts  in  the  normal  rabbit.  The 
total  leucocyte  count  in  different  individual  normal  rabbits  may 
vary  between  6000  and  14,000.  Tor  the  differential  count  he  gives 
the  following  figures:  Neutrophil  polymorphs,  32  to  45  per  cent.; 
eosinophils,  0'5  to  4  per  cent.;  mast  cells,  2  to  12  percent.;  lympho- 
cytes and  small  mononuclears,  37  to  60  per  cent.;  large  mono- 
nuclears, 2  to  5  per  cent.  I  would  particularly  draw  attention  to  the 
wide  limits  within  which  these  figures  may  vary.  In  the  first 
place,  then,  I  examined  the  point  as  to  whether  variation  in  the 
ordinary  laboratory  feeding,  time  of  day,  etc.,  had  of  themselves  any 
effect  on  the  absolute  or  relative  count  of  the  leucocytes  in  the 
rabbit. 

In  determining  this,  the  leucocytes  were  counted  by  means  of  the 
Zappert  modification  of  the  Thoma-Zeiss  apparatus.  Two  different 
dilution  samples  were  counted  at  each  estimation.  In  counting, 
large  squares  were  counted ;  and  the  number  of  leucocytes  per  c.mm. 
obtained  by  multiplying  the  average  for  each  large  square  by  200. 
The  figures  given  in  the  tables  below  arc  the  average  from  the  two 
samples.  The  differential  counts  were  made  by  taking  a  drop  of 
l)lood  on  one  slide,  spreading  it  uniformly  by  means  of  the  edge  of 
another  slide,  drying  and  staining  with  Leishman's  stain.  To  obtain 
a  good  average  of  the  whole  slide  400  cells  were  counted,  100  being 
'  Loc.  cit. 
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Experiment  I.— Rabbit  (buck). 
Kabbit  1. 


Date. 

Hour. 

Weight 
Grms. 

Gain  in 
Weight. 

t 

i 

o 

Corn 

and 

Bran.I 

Leucocytes. 
Polymorphs. 

1 

a 
c 

s 

Remarks. 

Since 

last 

Per 

Per 

observ 

ition 

cent. 

■xrA. 

June  18 

9.20  a.m. 

2300 

30° 

8,200 

40 

60 

Fed      on      corn, 
bran,  and  cab- 
bage    at     10 

„     19 

9.20    „ 

2370 

+70 

39'-2 

7,400 

26 

74 

o'clock. 

„     20 

1.40  p.m. 

2460 

+90 

39°1 

8,800 

„     20 

11    ,. 

2415 

-45 

,.     21 

10  a.m. 

2367 

-48 

Before  being  fed 
after  this  given 
at  10.30,  360 
grms.    cabbage 

,,     21 

2  p.m. 

2455 

+88 

17 

83 

and  weighed 

,.      21 

6.30    „ 

2510 

+55 

39°-7 

7,200 

20 

80 

quantity     corn 

„     21 

10    „ 

2430 

-80 

•• 

and  bran.             | 

9.30  a.m. 

2385 

-46 

grms. 

grms. 

Had     eaten     290 
grms.    cabbage 

22 

2.30  p.m. 

2435 

+50 

39°-7 

103 

43 

8,200 

31 

69 

and    97    grms. 

!'.     22 

6    ,, 

2445 

+10 

62 

7 

corn   and  bran 

,.     22 

10     „ 

2450 

+  6 

76 

53 

in    tnenty-four 

,,     23 

9.40  a.m. 

2435 

-15 

39° -5 

00 

32 

10,000 

17 

83 

hours. 

„     23 

2  p.m. 

2450 

+16 

53 

30 

,.     23 

10    „ 

2530 

+80 

22 

70 

„     24 

9  a.m. 

2460 

-70 

33 

20 

..     24 

2  p.m. 

2510 

+50 

93 

17 

..     24 

6    t, 

2505 

-   6 

40°' 

04 

19 

7,600 

28 

72 

.,     24 

11    It 

2487 

-18 

76 

12 

„     25 

9  a.m. 

2420 

-67 

SO'-S 

65 

22 

7,600 

is 

82 

„     26 

2  p.m. 

2470 

+50 

39°-7 

107 

13 

8,800 

23 

77 

„     2S 

10    t, 

2490 

+20 

136 

50 

„     26 

9  a.m. 

2445 

-45 

so'-g 

58 

33 

9,000 

34 

66 

„     26 

2  p.m. 

2470 

+25 

40° 

88 

25 

7,000 

21 

79 

.,     20 

2510 

+40 

39° 

78 

26 

6,200 

28 

72 

„     26 

10    " 

2470 

-40 

31 

14 

9.45  a.m. 

2457 

-13 

40°' 

103 

38 

9,000 

is 

87 

",     27 

2  p.m. 

2495 

+38 

40° 

78 

22 

7,000 

18 

82 

27 

6    II 

2520 

+  25 

39°-9 

73 

25 

6,800 

24 

76 

27 

10    1, 

2497 

-23 

38 

23 

..     28 

10  a.ui. 

2490 

-  7 

68 

S8 

„     29 

10    „ 

2510 

+20 

39-6 

220 

108 

9,400 

i2 

88 

„     29 

2  p.m. 

2530 

+20 

39-8 

43 

20 

10,600 

23 

77 

All  food  removed 
from  cages. 

„     29 

«    It 

2605 

-25 

39-7 

8,000 

17 

83 

„     20 

10    „ 

2490 

-15 

„     30 

10  a.m. 

2405 

-85 

39°'-2 

6,800 

is 

72 

„     30 

2  P">- 

2500 

+95 

39° -8 

95 

22 

7,600 

23 

77 

All  food  removed 
from  cages. 

„      30 

6    It 

2445 

-55 

39°0 

7,800 

26 

74 

„     30 

10    „ 

2420 

-26 

July    1 

10  a.m. 

2390 

-30 

39°'5 

7^400 

i4 

86 

>."     1 

2  p.m. 

2445 

+65 

89°-6 

92 

26 

8,000 

26 

76 

All  food  removed. 

..      1 

6    It 

2420 

-26 

S9°-0 

7,600 

21 

79 

1 

10    1, 

2380 

-40 

It       2 

10  a.m. 

2380 

0 

39°-8 

6,800 

i7 

83 

M         2 

2  p.m. 

2430 

+60 

89-5 

08 

as 

7,000 

24 

76 

All  food  removed, 
from  cage. 

It       2 

6    1, 

2416 

-16 

89° -6 

6,200 

25 

76 

It       2 

10    I, 

2400 

-15 

..       » 

10  a.m. 

2360 

-60 

SO- -6 

•• 

1     ■' 

7,400 

22 

78 

1.       0 

Tlirec 

(lays  in 

crval to 

1 

rest  ral 

ibits 

Given  cabbage, 
corn,  and  bran 
excess,  food  In 
the  (Mtges  at  the 
time. 

It       <l 

10    „ 

2300 

1 

39° -6 

10,200 

22 

78 

11      u 

2  p.m. 

.. 

i      •• 

7.800 

17 

83 

It       " 

10  a.m. 

2360 

39°  ■« 

1 

1      .. 

10,000 

17 

83 

II       7 

1       3  p.m. 

1 

1 

1 

1      •• 

1      ■• 

1 

1 

The  rabbit  n-u 
now  injected 
HUlH-ntancously 
wilb  o\  lilno)! 
t'ltrpuscles.  The 
results  will  he 
given  later. 

>  Tlieic  columns  |[ivc  the  amount  of  food  eaten  since  the  lost  observation. 
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Experiment  II.— Rabbit  (buck). 
Rabbit  2. 


i 

» 

» 

1 

Date. 

Hour. 

Weight 
Grms. 

Gain  in 
Weight. 

f. 

1 

Corn 
and 
Bian.l 

■e 

£■ 

1 

Kemarks. 

iSh 

o 

S^ 

s. 

Per 

Per 

cent. 

cent. 

June  IS 

10  a.m. 

28 

Fed  at  10  o'clock 
on  corn,   bran, 

„     IS 

S  p.m. 

23 

77 

and  cabbage. 

.,     19 

10  a.m. 

isio 

iv-'i. 

12',400 

24 

70 

„     20 

2  p.m. 

15S0 

+70 

39' -2 

14,400 

11 

89 

,,     20 

U     „ 

1550 

-30 

"     ^^ 

10  a.m. 
2  p.m. 

1515 
1595 

-36 

+80 

!•     21 

6     ., 

1620 

+25 

40'''0. 

10,600 

16 

84 

)>      -1 

10     ,, 

1620 

0 

„      22 

9  a.m. 

1560 

-60 

gims. 
290 

grms. 

H.atl  eaten  290 
grms.    cabbage 

.1      22 

3  p.m. 

1670 

+10 

39' -9 

68 

38 

12,000 

19 

81 

and    45    grms. 

I.     2i 

7     „ 

1580 

+  10 

73 

14 

corn   and  bran 

„     22 

10     „ 

1575 

-   5 

79 

33 

in    twent\-four 

.,     23 

10  a.m. 

1570 

-   5 

39° -2 

80 

40 

10,600 

14 

86 

hours. 

„     23 

2  p.m. 

1570 

0 

70 

„     23 

10     „ 

1615 

+46 

190 

40 

.,     2* 

10  a.m. 

1555 

-60 

40 

15 

„     24 

2  p.m. 

1820 

+65 

78 

17 

„     24 

7     ,. 

1612 

-   S 

SO'-'O 

78 

13 

13,800 

is 

85 

„     24 

11     >> 

1630 

+18 

95 

18 

,,     26 

10  a.m. 

1580 

-50 

39°'-2 

49 

14 

14^000 

14 

86 

„     25 

2  p.m. 

1635 

+55 

39° -5 

73 

14 

14,000 

16 

84 

„     25 

11     ,. 

1675 

+40 

152 

30 

,.     26 

10  a.m. 

1620 

-55 

39° -2 

75 

15 

13,400 

„     26 

2  p.m. 

1645 

+25' 

39° -5 

75 

12 

14,800 

„     26 

8     „ 

1650 

+  5 

39°-9 

95 

15 

13,000 

,,     26 

11     .. 

1607 

-43 

40 

„     27 

10  a.m. 

1597 

-10 

39° -5 

90 

"5 

12',S00 

21 

79 

,.     27 

2  p.m. 

1610 

+13 

39°-5 

70 

3 

13,800 

32 

68 

,,     27 

7     „ 

1605 

-   5 

39°-8 

78 

12 

15,200 

31 

69 

,,      27 

10     ,. 

1620 

+15 

89 

15 

,,     2S 

10  a.m. 

1580 

-40 

63 

12 

,,      29 

10     „ 

1617 

+37 

39''-2 
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CO 

13',400 

26 

SO 

„     29 

2  p.m. 

1655 

+38 

39'-7 

63 

15 

14,200 

16 

84 

AH  food  removed 
from  cage. 

„     29 

«     „ 

1620 

-35 

39°-5 

12,200 

18 

82 

„     29 

10     „ 

1590 

-30 

„     30 

10  a.m. 

1565 

-25 

39°-2 

10,000 

14 

86 

„     30 

2,m. 

1625 

+60 

39»-2 

75 

is 

13,000 

16 

84 

All  food  removed 
from  c^ge. 

„      30 

6     ,, 

1573 

-50 

39° -5 

12,400 

15 

85 

,,     30 

11     „ 

1535 

-40 

.. 

July    1 

10  a.m. 

1520 

-15 

39°" 

lo'.eoo 

15 

85 

„       1 

2  p.m. 

1020 

+100 

39°-5 

135 

12 

14,200 

All  food  removed 
from  cage. 

.,       1 
1 

0     >, 
11     „ 

1540 
1530 

-SO 
-10 

39°-2 

11,800 

..       2 

10  a.m. 

1530 

0 

39°-2 

12',  400 

ili 

si 

„       2 

2  p.m. 

ICOO 

+  70 

39°-7 

103 

i'5 

14,400 

11 

S9 

All  food  removed 
from  cage.           ' 

,,       2 

fi     ,, 

15,30 

+70 

39' -5 

12,000 

13 

87 

11       2 

11     ,, 

149S 

-32 

"               1 

M       3 

10  a.m. 

11S5 

-13 
Th 

39° -2 
ree     da 

.vs  inter 

val 

12',(i00 

10 

90 

Fed  on  corn,  bran,  i 
and  cabbage  to 
e.\cess. 

»       0 

10  a.m. 

1515 

39' -7 

14,000 

11 

SO 

.,       6 

2  p.m. 

40''-2 

13,600 

21 

7.) 

.,     s 

Killed,  and  found 
to  bu  quite 
healthy    in    all 

its  organs. 

1  These  columns  give  the  amotmt  of  food  eaten  since  lost  observation. 
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Experiment  III. — Rabbit  (buck). 
Rabbit  3.i 


9> 

i 

Weight 

Gain  in 
Weight. 

"S 

Corn 

»i 

.= 

Date. 

Hour. 

Grms. 

2 

.a 

and 
Bran.2 

.S 

£ 

c 

Remarks. 

3  S. 

.a 

si 

O 

3 

^ 

0 

«H 

P 

s 

Per 
cent. 

Per 
cent. 

June  19 

10  ^.m. 

2020 

40°  C. 

9,200 

33 

67 

Fed  at  10  o'clock 
on  corn,  bran, 

„     20  i 

2  p.m. 

20G0 

39" -1 

8,800 

42 

58 

and  cabbage. 

„     20 

11    „ 

2050 

-io 

,.     21 

10  a.m. 

2030 

-20 

„     21 

2  p.m. 

2067 

+47 

„     21 

7     n 

2050 

-17 

39°-8 

6^400 

47 

53 

»     21 

10    „ 

204" 

-   3 

„     22 

10  a.m. 

2030 

-13 

grms. 
290 

grms. 
20 

Had     eaten     290 
grms.  cabbage, 

,.     22 

2  p.m. 

2030 

0 

39°-9 

<W 

13 

12,600 

34 

66 

and    20    gnns. 

,,     22 

7     „ 

2015 

-15 

56 

3 

corn  and  bran 

,.     22 

10     „ 

2010 

-   5 

11 

20 

in    twenty. four 

,,     23 

10  a.m. 

2020 

+  10 

4o'°'-2 

130 

49 

6,400 

40 

60 

hours. 

„     23 

2  p.m. 

2045 

+25 

65 

„     23 

10    „ 

2020 

-26 

128 

20 

1 

>.     24 

10  a.m. 

2005 

-16 

107 

36 

j 

.,     24 

2  p.m. 

2050 

+45 

108 

3 

1 

>.     24 

7    „ 

2037 

-13 

39-'-9 

77 

7 

8,200 

44 

56 

1 

.,     24 

n    ,. 

2032 

-   5 

42 

50 

,,     25 

10  a.m. 

2015 

-17 

3n"-9 

54 

27 

8',200 

34 

60 

„     26 

2  p.m. 

2050 

+35 

30°- 7 

76 

2 

8,400 

33 

67 

„     2!) 

10    ,, 

2050 

0 

109 

25 

»     26 

10  a.m. 

20.50 

0 

4d'''l 

115 

30 

7,600 

30 

76 

„     26 

2  p.m. 

2070 

+20 

39- -9 

48 

8,800 

32 

68 

,.     '8 

7    ,, 

2030 

-40 

40°  C. 

62 

8,400 

47 

63 

■  .     26 

10    „ 

2040 

+10 

18 

8 

„     27 

10  a.m. 

2035 

-   5 

39°-9 

80 

30 

7^600 

42 

.58 

„     27 

2  p.m. 

2020 

-15 

39° -9 

63 

7,200 

.50 

50 

27 

0     „ 

2005 

-15 

40 

2 

6,b00 

50 

60 

',',     27 

10     „ 

1300 

-15 

6 

7 

„     28 

10  a.m. 

1955 

-35 

21 

21 

„      29 

10    „ 

19.55 

0 

115 

43 

6,400 

35 

6.5 

>,      29 

2  p.m. 

1945 

-10 

so'-'-s 

- 

6,200 

36 

64 

All  food  removed 
from  cage. 

„     29 

«        M 

1935 

-10 

39-6 

6,400 

50 

50 

„     2» 

10    „ 

1925 

-10 

„     30 

10  a.m. 

1900 

-26 

39°'-2 

6,600 

34 

66 

„     30 

2  p.m. 

1905 

+  5 

39°-6 

"5 

"7 

7,200 

38 

62 

All  food  removed 
from  cage. 

„     30 

6    „ 

1890 

-15 

39°-6 

5,400 

32 

68 

„     30 

11    ., 

1885 

-    6 

July    1 

10  a.m. 

1860 

-26 

39° 

10,600 

38 

62 

»       1 

2  p.m. 

1865 

+  6 

39°-6 

16 

i'3 

6,(K)0 

61 

49 

All  food  removed 
from  cage. 

..       1 

«    „ 

18.55 

-10 

39»-5 

.. 

6,200 

30 

70 

11       1 

11    ,. 

1845 

-10 

„       2 

10  a.m 

1845 

0 

39''s 

4^800 

.31) 

70 

„       2 

2  p.m. 

18.50 

+  s 

S9°-B 

26 

7 

6,400 

34 

66 

..       2 

1840 

-10 

39"-2 

5,800 

31 

09 

..       2 

11    " 

183(1 

-10 

39° -2 

,.       3 

10  a.m. 

181" 

-20 

39° -2 

.5,400 

31 

69 

»       6 

Three 

doya  int 

erval 

Fed  on  com,  bran, 
and  cabbage  to 
excess. 

M         0 

10  a.m. 

1810 

40 

6,800 

24 

76 

■  1       0 

2p,m. 

40 

10,200 

45 

65 

1  Quite  healthy,  very  excitable  rabbit. 

3  These  colutnns  give  the  amount  of  food  eaten  since  lost  observation. 
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taken  from  each  of  the  two  ends  and  each  of  the  two  sides  of  the 
film  respectively.  T!ie  leucocytes  were  counted  simply  as  polymorphs 
and  mononuclears. 

The  tame  rabbit  is  a  very  irregular  and  capricious  feeder,  and  its 
intestinal  capacity  is  very  great.  A  rabbit's  stomach  may  be  found 
half  filled  with  food  material  forty-eight  hours  after  its  last  meal. 
The  liver  cells  twenty-four  hours  after  a  feed  may  show  marked 
glycogenic  changes,  showing  that  active  assimilation  is  going  on  even 
then.  Joseph  (1909  ^)  has  shown  that  in  rabbits  taken  at  random  from 
a  laboratory  stock  the  weight  on  the  average  of  the  stomach  and  csecal 
contents  is  about  10  per  cent,  of  the  body  weight.  Taking  these 
observations  into  consideration,  I  found  that  it  would  be  impossible  to 
estimate  the  leucocytes  in  a  fed,  and  in  a  fasting  rabbit  without 
introducing  factors  which  would  complicate  or  negative  the  experiment. 
Therefore,  as  a  control  basis,  I  endeavoured  to  find  out  what  influence, 
if  any,  on  the  leucocyte  count  exaggerated  laboratory  feeding  con- 
ditions would  have.  The  experiments  given  in  the  tables  above  were 
made  for  this  purpose.  In  the  first  place,  the  rabbits  were  given  a 
limited  amount  of  corn,  bran,  and  cabbage,  freedom  being  allowed 
them  to  eat  at  any  time ;  next,  they  were  allowed  to  eat  as  much 
as  they  could  between  11  a.m.  and  1  p.m.,  food  being  withheld  for 
the  rest  of  the  day ;  and,  lastly,  they  were  given  an  excess  of  food 
with  freedom  to  eat  it  when  they  chose. 

From  the  tables  it  will  be  seen  that  the  greatest  variation  in  any 
of  the  rabbits  between  a  minimum  and  a  maximum  estimation  of  the 
leucocytes  is  less  than  5000.  It  will  be  seen  from  the  tables  that 
this  and  the  lesser  variations  are  not  related  to  any  concurrent  change 
in  the  feeding,  nor  have  they  any  relation  to  any  particular  time  of 
day.  With  a  limited  number  of  observations,  such  as  are  possible 
in  an  experiment  of  this  kind  and  with  an  apparatus  such  as  the 
Thoma-Zeiss,  I  do  not  think  that  one  can  avoid  an  error  of  3000 
per  c.mm.  on  either  side  of  a  mean.  So  that  if  a  rabbit  actually 
had  9000  leucocytes  per  c.mm.,  it  might  have  equally  well  12,000 
or  6000  (unless  the  estimations  of  the  leucocytes  were  very 
numerous),  when  estimated  by  means  of  the  Thoma-Zeiss  apparatus. 
So  that  I  do  not  think  that  any  variations  in  the  leucocyte  coimt 
noted  above  are  at  all  attributable  to  variations  in  feeding  or  time 
of  day. 

With  regard  to  the  differential  counts,  a  marked  variation  is 
shown  by  the  figures  given  above,  and  this  variation  again  has  no 
relation  to  feeding  or  time  of  day.  The  variations,  it  will  be  seen,  are 
quite  erratic,  and  one  is  led  to  conclude  that  it  is  extremely  difficult 
to  draw  any  conclusions  from  the  differential  count  in  experimental 
conditions  owing  to  the  great  variations  possible  under  normal 
conditions.  For  instance,  in  rabbit  2  above,  on  June  1(3,  in  the 
diH'ereutial  count  estimated  fronr  five  slides  made  at  the  same  time  (to 
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test  the  accuracy  of  the  method  for  estimating  the  diflerential  count 
given  above) — 

The  1st  slide  showed  46  per  cent,  polymorphs,  54  per  cent,  mononuclears, 
2nd  „  42  „  „  58 

3rd  „  40  „  „  50 

4th  „  41  „  „  59 

5th  „  42  ,,  „  58 

whilst  on  June  17  the  diflerential  count  was  24  per  cent,  polj'morphs, 
76  per  cent.  mononuclear.s ;  and  on  June  18  it  was  28  per  cent,  polymorphs, 
72  per  cent,  mononuclears. 

Again,  in  rabbit  10  {infra)  the  differential  count  on  April  30  was 
51  per  cent,  polymorphs  and  49  per  cent,  mononuclears,  while  on  May 
5  it  was  37  per  cent,  polymorphs  and  63  per  cent,  mononuclears.  This 
rabbit  had  had  nothing  done  to  it  in  the  interval. 

The  conclusions  to  be  drawn  from  these  experiments  then  are, 
with  regard  to  the  effect  of  feeding  and  time  of  day  on  the  absolute 
leucocyte  count  of  the  rabbit,  that  these  have  no  noticeable  effect ; 
incidentally,  with  regard  to  the  differential  count  in  rabbits,  that 
it  is  impossible  to  draw  any  conclusions  from  this  in  experimental 
conditions  owing  to  the  wide  variation  in  normal  conditions.  Further, 
with  regard  to  the  figures  obtained  in  an  absolute  count,  to  interpret 
them  rightly,  if  a  rabbit  had  actually  9000  leucocytes  per  c.mm.,  it 
ought  to  have  at  least  15,000  in  an  actual  count  (to  cover  errors  of 
counting  and  normal  variations  in  the  animal)  Ijefore  it  could  be  said 
to  have  a  leucocytosis,  and  many  more  before  far-reaching  deductions 
could  be  drawn  from  it. 

What  effect,  then,  on  the  leucocyte  count  of  rabbits  has  the 
injection  (1)  intravenously,  (2)  intrapcritoneally,  (3)  subcutaneously, 
of  washed  ox  blood  ?  Experiments  to  determine  this  point  were 
performed,  and  the  results  are  given  in  tabular  form  below  (pp. 
269-275). 

These  experiments  show  conclusively  that  the  injection  into  rabbits 
intravenously,  intraperitoneally,  or  subcutaneously,  of  washed  o.x  blood 
corpuscles  does  not  produce  a  leucocytosis.  The  variations  in  the 
leucocyte  count  are  not  numerically  of  such  a  degree,  nor  do  they 
appear  at  such  a  time  after  inoculation,  to  justify  any  relationship 
being  set  up  between  them  and  the  appearance  of  the  immune  body. 
With  regard  to  the  differential  count,  for  the  reasons  mentioned  above 
one  can  draw  no  conclusions.  If  one  were  permitted  to  do  so,  from 
the  figures  given  above,  the  conclusion  would  certainly  not  be  that 
the  mononuclears  were  relatively  increased.  I  therefore  submit  that 
Bulloch  had  not  sulficient  basis  for  his  conclusions.  Whether  any 
conclusions  could  be  obtained  by  the  method  is  another  question.  It 
is  certainly  one  way  of  tackling  the  problem  of  the  seat  of  origin 
of    the    inmuine    body,    but    in    ray    hands    it    has  yielded   negative 
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evidence,  of  a  limited  kiud,  only  indicating  that  there  is  no  stimu- 
lation of  the  leucocyte-forming  organs.  Such  evidence  is  only  of 
value  when  taken  in  conjunction  with  results  obtained  from  many 
other  methods  of  attacking  the  question. 


Tables  showing  Effect  ox  the  Leucocyte  Count  of  Eabbits  of  ingesting 
WASHED    Ox    Blood    Corpuscles   Intravenously,    Intraferitoneally, 

AND    SUBCUTANEOUSLT. 

I.  INTRAVENOUSLY. 

Experiment  I.— Rabbit  (buck). 

Rabbit  4. — Black,  Cropped  Forehead. 


Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Feb.   7 

2  p.m. 

11,200 

Feb.  20 

10  a.m. 

11,500 

.,      8 

10  a.m. 

15,700 

,.   21 

2  p.m. 

10,200 

3  c.c.  ox  blood 

.,      9 

2  p.m. 

11,800 

corpuscles  + 

„    10 

7     „ 

10,200 

2  c.c.  saline 

,,    11 

7    „ 

8,700 

i  11 1  r  a  V  e  n- 

..    12 

10  a.m. 

9,900 

ouslyat2.30 

„    13 

1  p.m. 

11,900 

„     22 

2     „ 

9,200 

on  20th 

»    14 

10  a.m. 

12,700 

„     23 

2     „ 

8,000 

„    15 

7  p.m. 

10,800 

„     24 

2     ,, 

9,300 

Immune  body 

„    16 

2     „ 

10,600 

„     25 

2     ,, 

10,800 

present 

,.    17 

10  a.m. 

10,700 

1     „     29 

9  a.m. 

8,800 

„    18 

1  p.m. 

8,900 

„     .30 

2  p.m. 

10,800 

Experiment  II.— Rabbit  (buck). 
Rabbit  5. — Blue  and  "White. 


Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Feb.  7 

2  p.m. 

8,400 

Feb.  20 

10  a.m. 

11,300 

3  0.  c.  ox  blood 

.,     8 

9  a.m. 

16,900 

corpuscles  -i- 

»     9 

2  p.m. 

9,800 

2  c.c.  saline 

„   10 

7     „ 

8,400 

,.     21 

10     „ 

7,800 

i  n  t  r  a  V  e  n- 

»   11 

7    „ 

10,200 

.,     21 

7  p.m. 

10,300 

ouslyat2.30 

„   12 

10  a.m. 

12,000 

..     22 

10  a.m. 

S,S00 

on  20tli 

,,   13 

2  p.m. 

12,200 

,,     23 

10     „ 

8,800 

Immune  body 

.,    14 

9  a.m. 

11,600 

„     23 

/  )i.m. 

10,000 

present 

„   15 

6  p.m. 

8,600 

»     24 

10  a.m. 

9,400 

„    16 

2     „ 

10,700 

'      „     25 

10     „ 

8,r)00 

>,    17 

10  a.m. 

12,600 

j      „     26 

10     „ 

8,500 

„    IS 

7  p.m. 

9,400 

1      „     27 
„     28 

10     „ 
10     „ 

9,500 
11,800 

„    30 

10    .. 

9,900 

... 

19—. 
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Experiment  III.— Rabbit  (buck). 

Eabbit  6 — "White,  mahked  Green  on  Forehead. 


Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Feb.    8 

10  a.m. 

11,800 

Feb.  20 

7  p.m. 

10,000 

>>      9 

3  p.m. 

8,000 

»    21 

7    „ 

9,000 

„     10 

8     „ 

9,000 

„    22 

10  a.m. 

8,400 

.,     11 

8     „ 

9,700 

.,    22 

6  p.m. 

8,600 

>.    12 

10  a.m. 

9,700 

„    23 

10  a.m. 

9,300 

„    13 

2  p.m. 

10,000 

„    23 

6  p.m. 

8,900 

Immune  body 

>,     14 

10  a.Di. 

8,800 

in  blood. 

„    15 

/  p.m. 

8,700 

>,     24 

10  a.m. 

9,800 

,,    16 

3     >, 

9,300 

„     24 

7  p.m. 

9,600 

„    17 

10  a.m. 

11,100 

„     25 

6     „ 

11,300 

„    18 

7  p.m. 

10,400 

„     26 

10  a.m. 

8,400 

„    20 

10  a.m. 

11,100 

3  c.c.  0.x  blood 

.,     27 

2  p.m. 

9,000 

corpuscles  + 

„     28 

3     ,, 

8,500 

2  c.c.  saline 

„     29 

2     „ 

7,600 

i  n  t  r  a  V  e  n- 

„     30 

10  a.m. 

10,200 

ously  at2.30 

Mar.    2 

2  p.m. 

10,000 

on  20th 

Experiment  IV. — Rabbit  (buck). 
Rabbit  7 — White,  Cropped  Rump. 


Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Date. 

Hour. 

Leuco- 
cytes. 

Remarks. 

Feb.    8 

10  a.m. 

13,800 

Mar.  21 

10    „ 

10,600 

..      9 

2  p.m. 

10,400 

»     22 

10  a.m. 

10,800 

.,    10 

'     >i 

8,200 

„     22 

6  p.m. 

8,600 

..    11 

7    „ 

11,300 

„     23 

10  a.m. 

8,600 

Immune  body 

»    12 

10  a.m. 

15,400 

present. 

„    13 

2  p.m. 

12,000 

»     24 

10     „ 

10,800 

,.    14 

10  a.m. 

11,700 

..     24 

6  p.m. 

8,100 

„    IS 

7  p.m. 

9,900 

„     25 

2     „ 

10,800 

„    16 

10,500 

„     26 

10  a.m. 

10,000 

„    17 

10  a.m. 

13,900 

>,     28 

10     ,, 

10,200 

„    18 

7  p.m. 

9,400 

»     80 

2  p.m. 

9,900 

,.    20 

10  a.m. 

13,800 

3  CO.  ox  blood 
corpuscles -f 
2  c.c.  saline 
in  traven- 
on.slyat2.30 

on  20tk 
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Experiment  V.— Rabbit  (buck).i 
Rabbit  8. 


April  20 

,,  -n 

„    23 

„    23 

,,  23 
>.  24 
„  25 
>>  27 
May  18 


Weight 

i 

■i 

2 

5 

Hour. 

in 
Grms. 

=5H 

1 

3 

(3 

s 

p-( 

3 

1 
o 

Per 

eeut. 

Per 

cent. 

10  a.m. 

2430 

39° -2 

7,300 

69 

31 

1^      ,. 

2430 

39° -2 

7,600 

37 

63 

12      „ 

9,400 

1.30  p.m. 

3      „ 

39°-9 

9,600 

50 

49 

■  2      „ 

2460 

39°-2 

10,000 

38 

62 

11  a.m. 

8,500 

22 

78 

10      „ 

39= -7 

8,400 

10     „ 

2960 

7,500 

Remarks. 


Bled  3  c.c.  from  ear 
vein. 

Injected  intravenously 
3  c.c.  ox  blood  cor- 
puscles +2  c.c. 
saline. 


Experiment  VI.— Rabbit  (buck). 
Eabbit  9. 


Weight 

Change 

1 

1 

£ 

3  'S 

Date. 

Hour. 

in 

in 

>. 

o 

3 

'i  s 

Remarks. 

Grms. 

Weight. 

Leuco 

s 

1 

H 

1 

Per 

Per 

cent. 

cent. 

July    4 

10  a.m. 

1745 

6,400 

40 

60 

39°-2 

5 

10     ,, 

1715 

7,800 

18 

82 

39° -2 

',',       5 

4  p.m. 

1705 

-  "lO 

6,200 

20 

80 

S9°-2 

,,       6 

10  a.m. 

1660 

-    45 

8,000 

18 

82 

39°-9 

„       6 

3  p.m. 

7,800 

28 

72 

39° -9 

1,      7 

10  a.m. 

1670 

9,200 

16 

84 

39°-2 

„      7 

2  p.m. 

1780 

+  110 

10,800 

28 

72 

39°-2 

7  c.c.  ox  blood  cor- 
puscles +3     c.c. 

>i      7 

6     „ 

1800 

+   20 

10,800 

30 

70 

39° -1 

saline       intraven- 

,,       8 

10  a.m. 

1780 

-    20 

9,400 

29 

71 

39° -1 

on.slv    at    3    p.m. 

,,       8 

2  p.m. 

1810 

+   30 

7,800 

23 

77 

39° -2 

ol 7th. 

„       8 

7     ,, 

1860 

+   50 

10,600 

28 

72 

39° -5 

..       9 

10  a.m. 

1830 

-    30 

8,600 

23 

77 

39°-l 

„       9 

2  p.m. 

1840 

+   10 

9,400 

25 

75 

39°-2 

,.       9 

6     ,, 

1870 

+   30 

9.200 

20 

80 

39°-5 

„     10 

10  a.m. 

1850 

-    20 

8,200 

19 

81 

39° -2 

>,     10 

2  p.m. 

1845 

-      5 

8,400 

35 

65 

39°-9 

,,     10 

7     >, 

1860 

+   15 

9,000 

30 

70 

39°-5 

n       11 

10  a.m. 

1850 

-    10 

7,400 

20 

80 

39°-l 

>.     12 

10     ,, 

1900 

+   50 

10,700 

18 

82 

39°-0 

1,     12 

2  p.m. 

1900 

0 

8,000 

17 

83 

39°-0 

,.     12 

6     „ 

1900 

0 

10,200 

15 

85 

39°-0 

,,     13 

10  a.m. 

1880 

-    20 

9,400 

22 

78 

39°-2 

,,     13 

2  p.m. 

1880 

0 

9,800 

25 

75 

39°-0 

..     H 

10  a.m. 

1900 

+   20 

10,400 

27 

73 

39°-2 

,,     14 

2  p.m. 

1880 

-    20 

8,400 

16 

84 

39°-l 

,,     !•"' 

11  a.m. 

1875 

-      5 

9,800 

18 

82 

39°-l 

,,     16 

12     ,, 

1940 

+   65 

10,200 

19 

81 

39''-2 

.,    17 

12     „ 

1885 

-    55 

9,200 

20 

80 

39°-2 

'  In  Experiments  V.-IX.  the  date  of  the  appearance  of  tlie  immune  body  was  not 
doterinincii, — to  exclude  the  possibility  of  the  daily  bleeding  for  this  purpose  having  an 

elVeet  on  the  leucocyte  count. 
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Experiment  VII.— Rabbit  (buck). 
Rabbit  10 — Cage  28 — Angora,  Cropped  Head. 


c5 

Weight 

S 

S 

"H, 

Date. 

Hour. 

lU 

2 

>. 

3 

3 

Remarks. 

Grms. 

"S  a 

s 

>-. 

eSH 

yA 

CL, 

% 

Per 

Per 

cent. 

cent. 

April  30 

11  a.m. 

2065 

40° 

8,000 

51 

49 

May    5 

11     >. 

2080 

40° 

8,700 

37 

63 

„      5 

1  p.m. 

Bled  4  CO. 

,.       5 

1.10    „ 

Injected    intravenously  , 
with  2  c.c.  ox  blood 

>,       5 

1.30     „ 

40°-l 

9,200 

47 

53 

corpuscles  washed  + 

,.       6 

10  a.m. 

39°-5 

8,400 

2  c.c.  saline. 

„       V 

10     „ 

39° -9 

8,800 

»       8 

10     „ 

39°-8 

8,200 

>.       9 

10     ,, 

40°-5 

8,600 

June    4 

10     „ 

2270 

40°-l 

10,600 

40 

60 

,.       9 

10     „ 

2285 

40° -5 

7,800 

34 

66 

Experiment  VIII.— Rabbit  (white  buck). 
Rabbit  11 — Cage  27. 


A 

Weight 

3 

J 

'P, 

% 

Date. 

Hour. 

in 
Grms. 

1  2 

>> 

1 

a 

Remarks. 

«H 

>-:i 

p; 

a 

Per 
cent. 

Per 

cent. 

May  4 

2  p.m. 

1788 

39°-2 

10,000 

58 

42 

„     6 

10  a.m. 

1755 

39° -2 

9,200 

43 

57 

»     6 

1.15  p.m. 

Bled  4  c.c. 

,.     6 

1.30     „ 

2    c.c.    ox    blood    cor- 
puscles +  2  c.c.  saline 

»     6 

2.30     „ 

30° -5 

9,900 

75 

25 

intravenously. 

,.     7 

10  a.m. 

39° -8 

8,600 

,.     8 

10     ,, 

39° -8 

8,400 

>>     9 

10     ,, 

39°-5 

9,400 

June  4 

10     ,, 

1910 

39°-2 

7,400 

..     9 

10     „ 

1880 

39°-5 

7,200 

I 
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Experiment  IX.— Rabbit  (buck). 
Rabbit  \i — Black,  Cropped  Forehead — Cage  25. 


Weight 

g 

•s 

^ 

Date. 

Hour. 

in 
Grms. 

1 

=! 

s 

Remarks. 

MH 

hJ 

Fh 

"A 

Per 

Per 

cent. 

cent. 

April  27 

2  p.m. 

2670 

39°-2 

9,000 

68 

42 

„     28 

2     „ 

39°-2 

7,400 

5.5 

45 

„     28 

3     ,, 

7,200 

51 

49 

Hay    1 

10  a.m. 

2675 

39° -0 

8,900 

64 

36 

,.       1 

1.30  p.m. 

2  c.c.  ox  blood  corpuscles 
+  2  c.c.   saline  intra- 

„      1 

2     ,, 

39°-2 

8,400 

59 

41 

venously. 

,,       2 

10  a.m. 

39°-5 

59 

42 

„       4 

10     „ 

39° 

51 

49 

,,          0 

10     „ 

39° 

8,000 

56 

44 

„     17 

2730 

39° -2 

9,600 

72 

28 

II.   INTRAPERITONBALLY. 

Experiment  I.— Rabbit  (buck). 
Rabbit  13 — Small  Angora — Cage  31. 


Weight 

1 

1 

"E. 

1 

Date. 

Hour. 

in 

1 

"^ 

o 

s 

Eemarks. 

Grms. 

1  1 

3 

= 

U    Cf 

«H 

h-j 

P-. 

s 

Per 

Per 

cent. 

cent. 

.Tune  10 

10  a.m. 

1420 

39° 

11,200 

24 

76 

»     11 

10     ,, 

1410 

39° 

9,000 

40 

60 

„     12 

10     „ 

1460 

39° 

8,800 

38 

62 

2  c.c.  ox  blood  corpuscles 
intraperitoneally     at 

„     12 

11     n 

42 

58 

10  a.m. 

..     13 

10     ,, 

39° 

11,000 

51 

49 

No  locnl  p,iin  and  no 
swelling. 

n       14 

10     ,, 

39° 

8,200 

33 

67 

,, 

„     15 

10.30  ,, 

1480 

39° 

7,600 

31 

69 

,, 

„     16 

10     „ 

39° 

10,600 

34 

66 

,, 

„     17 

10     „ 

1440 

39° 

7,400 

31 

69 

,, 

„     18 

10     ,, 

39° 

10,000 

81 

69 

,^ 

„     19 

10     „ 

38°-7 

7,400 

32 

68 

Lnmune  body  present 
in  serum. 

,,     20 

10     ,, 

1380 

39° 

7,400 

55 

45 

»     21 

10     „ 

39° 

7,800 

33 

67 

A  second  rabbit  was  injected  intraperitoneally,  but  it  developed  diarrhoea,  so  that  it  was 
not  kept  under  observation  furtlier. 
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III.  SUBCUTANEOUSLY. 

Experiment  I. — Rabbit  (buck). 

Kabbit  14 — Cage  30. 


£ 

-Ji 

Weight 

s 

S 

^ 

Date. 

Hour. 

in 

g 

>^ 

g 

S 

Remarks. 

Grms. 

11 

CJ 

_>. 

ca 

«H 

>-:l 

^ 

s 

Per 

Per 

cent. 

cent. 

1 

May  11 

10  a.m. 

2130 

39' -2 

7800 

35 

65 

..     12 

1  p.m. 

2117 

39°-l 

2    c.c.    ox    blood    cor- 
puscles     subeutane- 

„     13 

10  a.m. 

39' 

8200 

31 

69 

ously  at  2.25. 

,,     15 

10     „ 

39'-2 

9600 

No  local  swelling. 

„     16 

10     „ 

39°-7 

7200 

j^ 

..     17 

2  p.m. 

39° 

6900 

J, 

„     19 

10  a.m. 

39° 

9200 

jj 

,.     21 

10     „ 

2145 

40° 

9700 

39 

61 

Immune  body  present.    | 

,,     25 

10     „ 

2140 

39° 

8600 

June    4 

10     „ 

2260 

39°-5 

8100 

28 

72 

..       9 

10     „ 

2145 

39° -2 

9000 

27 

73 

Experiment  II. — Rabbit  (buck). 
Rabbit  15 — Caoe  29. 


« 

Weight 

i 

i 

m 

M 

Date. 

Hour. 

lU 

g 

>> 

O 

3 

Remarks. 

Grms. 

"3  o. 
■S  E 

3 

C 

pS^ 

^ 

S, 

s 

Per 

Per 

cent. 

cent. 

May  11 

10  a.m. 

2182 

39°-5 

7800 

30 

70 

,.     12 

10     „ 

2205 

89°-2 

6000 

52 

48 

..     12 

12     „ 

... 

... 

Subcutaneously   2  c.c. 
ox  blood  corpuscles. 

„     13 

11     „ 

39°-2 

8100 

61 

49 

No  pain  and  no  swelUnK- 1 

,,     15 

10    „ 

39° '2 

8700 

.1               >•            ' 

„     16 

10    „ 

89° -5 

7600 

>i                II             I 

>,     17 

2  p.m. 

40°-2 

7100 

„     19 

10  a.m. 

89° -2 

9100 

!.         .! 

,,     21 

10     „ 

2215 

39° -2 

9000 

Immune  body  present.    1 

„     25 

10     „ 

2222 

40° 

8000 

32 

68 

Juno   2 

10     „ 

2185 

..       4 

10     „ 

2235 

40°-2 

8600 

si 

66 
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Experiment  III. 

Rabbit  used  is  rabbit  1,  which  was  used  previously  for  estimating  the  effect 
of  food  variation  on  the  leucocytes.  The  rabbit  was  given,  while  these  observa- 
tions were  being  made,  corn,  bran,  and  cabbage  in  excess. 


Date. 

Hour. 

Weight 

in 
Grms. 

3 
Is 

1 

1 

i 

s 

Remarks. 

an 

Si 

& 

S 

Per 
cent. 

Per 
cent. 

July    6 

10  a.m. 

2300 

39°-6 

10,200 

22 

78 

>>       ti 

2  p.m. 

7,800 

17 

83 

1.       7 

10  a.m. 

2350 

39° -6 

10,200 

17 

83 

11       ~l 

11    .. 

8  c.c.  ox  blood  cor- 
puscles injected  sub- 
cutaneously  2  c.c.  in 
four  difterent  places. 

11      7 

2  ii.m. 

2470 

39°-8 

8,600 

19 

81 

No  swelling,  and  no 
pain. 

)i      7 

6    ,, 

2510 

39° 

8 

8,400 

36 

64 

..      8 

10  a.m. 

2510 

39° 

8 

8,400 

29 

71 

>,      8 

2  p.m. 

2510 

39° 

0 

7,600 

30 

70 

„      8 

7    „ 

25i5 

39° 

3 

9,200 

15 

85 

,,      9 

10  a.m. 

2520 

39° 

8 

10,000 

10 

90 

,,      9 

2  p.m. 

2510 

39° 

3 

7,800 

16 

84 

„       9 

s    ,. 

2550 

39° 

3 

6,200 

30 

70 

,,    10 

10  a.m. 

2540 

3<)° 

1 

10,000 

26 

74 

,,     10 

2  11.  m. 

2540 

39° 

4 

7,600 

21 

79 

,,     10 

7    „ 

2550 

39° 

1 

8,400 

20 

80 

>,     11 

10  a.m. 

2530 

39° 

2 

8,800 

14 

84 

„    12 

10    „ 

2580 

39° 

5 

9,200 

22 

78 

,,     12 

o  ji.m. 

2570 

39° 

5 

8,200 

19 

81 

,,     12 

tj    >. 

2560 

39° 

1 

8,000 

26 

74 

„     13 

10  a.m. 

2580 

39° 

1 

9,800 

13 

87 

„     13 

3  p.m. 

2560 

39° 

0 

8,200 

23 

77 

..     14 

10  a.m. 

2625 

39° 

2 

10,200 

18 

82 

,.    14 

2  p.m. 

2600 

39° 

2 

9,200 

10 

90 

„     15 

11  a.m. 

2645 

39° 

0 

9,200 

12 

88 

„    16 

11    .. 

2635 

38° 

9 

7,800 

16 

84 

.,    17 

12    „ 

2585 

38° -9 

8,200 

14 

86 

Effect  of  Removal  of  Organs  on  Appearance  of  Immune 
Body  in  Blood. 


The  problem  of  determiiiing  the  seat  of  origiu  of  the  imiuime  body 
is  a  very  difficult  one,  aud  the  determination  has  to  be  attempted 
mostly  by  indirect  methods.  A  result  obtained  from  one  of  these 
indirect  methods  is  of  very  little  value  by  itself,  and  it  is  only  when 
taken  in  conjunction  with  other  results  obtained  by  other  indirect 
methods  that  any  clue  can  be  obtained. 

A  prominent  role  in  the  production  of  immune  body  has  been 
attributed  to  the  spleen  by  many  investigators,  including  MetchuikotV. 
London    (1901^-)    splonectomised    guinea-pigs    and    found    that   tiie 
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removal  of  the  spleen  prevented  the  formation  of  immune  body  to 
foreign  blood  corpuscles  injected  subcutaneously. 

Tarassevitch  (1902  ^i),  Jakuschawitsch  (1906  ^-),  on  the  other  hand, 
found  that  the  removal  of  the  spleen  had  no  effect  on  the  production  of 
hemolytic  immune  body.  Considering  the  divergent  results  obtained, 
I  deemed  it  necessary  to  repeat  these  experiments  with  modifications. 
Using  rabbits  as  the  experimental  animals,  I  determined  the  effect  of 
removing  the  spleen  as  well  as  other  bodily  organs.  In  the  case  where 
the  spleen  was  removed  I  also  counted  the  leucocytes  during  the 
experiment  to  exclude  a  vicarious  action  on  the  part  of  the  other 
leucocyte-forming  organs.  The  principal  modification  I  introduced 
was  to  use  a  time  standard  in  estimating  the  production  of  the  immune 
body.  As  Sachs  (1903--)  and  others  showed,  and  I  myself  corro- 
borated, rabbits  when  injected  intravenously  with  ox  blood  corpuscles 
produce  immune  Irody  critically  on  or  about  the  third  day  after 
injection.  The  introduction  of  this  time  standard  of  production  of 
immune  body  involved  considerable  difficulty,  for  rabbits  had  to  be 
selected  whose  serum  was  not  of  itself  naturally  hfemolytic  to  ox  blood 
corpuscles.  The  test  applied  for  exclusion  of  rabbits  with  lytic  serum 
was  that  their  serum  on  three  occasions  at  intervals  of  three  days  with 
three  different  samples  of  ox  blood  should  show  no  trace  of  luemolysis 
(the  serum  being  added  to  1  c.c.  1  per  cent,  suspension  of  the  ox 
blood  corpuscles  and  incubated  for  two  hours  at  37°  C).  This  involved 
the  examination  of  a  considerable  number  of  rabbits  to  obtain  a  very 
small  mimber  of  animals  whose  serum  fulfilled  the  condition  mentioned. 
This  small  number  was  further  reduced  by  deaths  after  the  operation. 

Experiment  1.  i 

Removal  nf  ihe  Spleen. 

Rabbit  (buck). — Selected  as  above  witli  regard  to  absence  of  lysin  normally 
in  its  blood  serum  and  splenectomised.  Its  scrum  was  tested  again  two  weeks 
after  splenectomy  for  lysin  :  none  wns  present.  It  was  then  injected  intraven- 
ously into  the  car  vein  with  3  c.c.  washed  ox  blood  corjmscIes  +  2  c.c.  saline. 
Thereafter  the  serum  was  examined  daily  by  adding  1  c.c.  of  it  to  1  c.c.  1 
|)er  cent,  ox  blood  corpuscles,  and  incubating  at  37°  C.  for  two  hours. 
Haemolysis  was  obtained  for  the  first  time  on  the  third  day,  showing  the 
presence  of  immune  body.  The  removal  of  the  spleen  thus  had  had  no  effect 
on  the  production  of  the  immune  body  or  on  the  time  of  its  apjiearance. 

Experiment  2. 
Removal  of  the  apleen  and  cowifing  of  tin'  leurocyfen. 

Rabbit  (buck). — Selected  as  above  with  regard  to  absence  of  lysis  normally 
in  its  blooil  serum.  Leucocytes  found  to  vary  l>etweon  9000  anil  I -,000  per 
c.mm.  Spleen  removed.  Serum  tested  again  three  days  after  operation,  and 
htemolysin  found  to  be  absent.  Leucocytes  counted  and  found  to  be  10,000 
per  c.mm.     Rabbit  then  injected  intravenously  into  ear  vein  with  ."!  c.c.  washed 
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ox  blood  corpuscles  +  2  c.c.  saline.  Serum  tested  daily  after  injection  as 
before  for  immune  body  and  leucocytes  counted.  The  immune  body  appeared 
for  tile  first  time  on  the  third  day  and  no  leucocytosis  was  observed.  This 
would  appear  to  exclude  a  vicarious  action  on  the  part  of  the  leucocyte-forming 
organs  in  the  formation  of  immune  body  when  the  spleen  is  removed. 

Experiment  3. 

Thijioii}  removed. 

Rabbit  (buck,  selected  as  above). — Thyroid  removed.  No  hemolysin 
[iresent  in  blood  serum  two  weeks  after  the  operation.  Rabbit  then  injected 
intravenously  into  the    ear   vein  with  3  c.c.  washed  ox  blood  corpuscles  + 

2  c.c.  saline.  Blood  serum  tested  daily  as  before  for  immune  body.  The 
immune  body  first  appeared  in  the  blood  serum  on  the  third  day.  Tlie 
removal  of  the  ihyroid  had,  therefore,  no  effect  on  the  time  of  production  of 
the  immune  body. 

Experiment  4. 

Spleen  and  Tlu/roid  removed. 

Rabbit  (buck,  selected  as  above). — Thyroid  removed  seven  days  after  spleen 
removed  :  on  being  tested,  two  weeks  after  this  no  haemolysin  was  found  iu 
its  blood  serum.     It  was  then  injected  intravenously  into  the  ear  vein  with 

3  c.c.  washed  ox  blood  corpuscles  +  2  c.c.  saline.  The  blood  serum  was 
tested  daily  after  the  injection  for  immune  body,  and  its  presence  was  detected 
for  the  first  time  on  the  third  day.  It  would  ajipear,  therefore,  that  removal 
of  the  spleen  and  thyroid  in  the  same  animal  caused  no  delay  in  the  appearance 
of  the  immune  body. 

Experiment  5. 

Keiiwval  of  one  Kidney. 

Rabbit  (buck). — Selected  as  before.  One  kidney  removed.  Hsemolysin 
was  found  to  be  ab.sent  from  the  blood  serum  two  weeks  after  the  operation. 
Tlie  rabbit  was  then  injected  intravenously  with  3  c.c.  washed  ox  blood 
corpuscles  +  2  c.c.  saline.  The  blood  serum  was  tested  daily  after  the 
injection  for  the  appearance  of  immune  body,  which  appeared  for  the  first 
time  on  the  third  day.  Removal  of  one  kidney  then  had  no  influence  on  the 
time  of  appearance  of  the  immune  body. 

To  suimnarise  the  results  of  these  experiments  then,  removal  of 
the  spleen,  spleen  and  thyroid,  thyroid,  or  one  kidney  from  rabbits 
had  no  influence  on  the  time  of  appearance  of  the  immune  body  iu 
the  blood.  Where  the  spleen  was  removed,  the  animal  injected,  and 
the  leucocytes  counted,  no  leucocytosis  was  observed,  and  thus  no 
evidence,  such  as  it  is,  for  a  vicarious  action  of  other  leucocyte-forming 
organs  is  gained. 

MetchuikolT  has  used  the  results  obtained  from  one  other  metliod 
of  research — that  of  obtaining  haimolytic  substances  in  extracts  of 
what  he  terms  macrophagic  organs  such  aa  the  spleen — to  support 
his  view  of  the  origin  of  macrocytase.  I  shall  only  mention  here  again 
the  dilliculty  in  the  technique  introduced  by  the  fact  of  the  absorption 
of  the  complement  by  tlio  tissue   di'bris,  and   tliat   while   ]\IotchnikolV 
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holds  that  his  macrocytase  is  derived  solely  from  what  he  terms 
macrophagic  organs,  others  have  shown  that  it  can  be  derived  equally 
well  from  many  other  organs,  ejj.  pancreas.  Further,  the  substance 
itself,  macrocytase,  has  nothing  in  common  with  the  alexine  or  the 
compound  of  complement  and  immune  body  that  one  finds  in  the 
serum. 


Productiox  of  Axti-bodies  by  Feedixg. 

The  method  by  which  the  circulating  fluids  of  the  body  normally 
come  into  contact  with  foreigu  albuminous  matter  is  by  way  of  the 
intestinal  canal.  The  greater  portion  of  this  albuminous  material  is 
altered  by  digestion  before  it  is  absorbed,  but  there  is  the  possibility 
that,  as  a  more  or  less  usual  process,  some  minute  portions  of  it  may 
be  absorbed  unchanged.  The  formation  of  anti-bodies  then  would  be 
part  of  a  process  that  goes  on  to  a  small  degree  in  so-called  normal 
conditions.  This  normal  process  might  be  exaggerated  when  a  large 
quantity  of  the  foreign  albumin  obtained  entrance  by  some  other 
abnormal  path,  sucli  as  by  injection  subcutaneously,  intraperitoneally, 
or  intravenously.  The  formation  of  anti-bodies  then  would  be  a 
normal  process  of  the  body  for  which  an  apparatus,  normally  working  at 
slow  but  capable  of  working  at  much  higher  rate,  was  already  prepared  ; 
as  the  intestine  is  the  normal  supplier  of  this  foreign  albumin,  etc.,  this 
apparatus  one  might  naturally  suppose  would  be  in  relation  to  it. 
The  liver  receives  all  the  blood,  with  its  contained  material  from  the 
intestine,  and  it  is  well  known  that  with  respect  to  certain  substances, 
e.g.  glucose,  profoundly  modifies  it.  The  liver  also  has  been  sliown  to 
neutralise  in  large  quantities  pharmacological  substances  and  toxins 
(strictly  so  called). 

Especially  has  this  been  shown  to  be  the  case  by  Italian  observers, 
Tetrone  and  Pagano  (1907 -<'),  with  regard  to  toxins  of  intestinal  origin.  It 
is  necessary  to  inquire,  therefore,  wliether  the  hver  may  not  be  a  possible  seat 
of  formation  of  immune  body.  I  shall  first  give  a  brief  n'sumc  of  the  literature 
concerning  the  prochution  of  antiboilios  by  feeding  animals  on  the  correspond- 
ing antigens.  Khrlich  (1891  *)  produced  imminiity  in  animals  against  ricin 
and  abrin  by  feeding  them  on  these  substances.  Fraser  (1895'")  jiroiluced 
n  similar  etiect  by  fee<hng  animals  on  snake  venom.  Uhlenhuth  (1900-*'), 
Ascoli  (1903  '),  Cantacuzene  (1907  '■'),  Sternberg  (1908  -■'),  Petit  and  .lean  Miuct 
(1908'''),  have  produced  specific  precipitins  in  animals  by  feeding  them  on 
various  sera.  Metchnikofl"  (1901''')  fed  rats  on  rabbit  and  horse  blood,  and 
])roduced  specilic  h;emolysins  an<l  agglutinins  for  rabbit  and  horse  blood. 
Celler  and  Hamburger  (1905''),  however,  criticise  these  experiments  by  saying 
that  Mclclitiikoir  hail  nut  excluded  the  possibility  of  a  natural  lysin  for  rabbit 
and  ox  blood  corpuscles  being  present  in  rat  serum.  Kosenau  and  .Vnderson 
(1908-')  sensitised  guinea-pigs  by  feeding  them  on  horse  serum.  Many 
writers,  too,  have  brought  forward  evidence  of  the  production  of  nnti-lxulics 
to  jmthogenic  organisms  by  feeding  animals  on  these  organism.s.  Tchitchkine 
(1904  ■-'■')  proihiced  antibodies  tn  typboiil  bacilli  in  tliis  way. 

Breton  and  Petit   (1909 -)    produced   antitoxin    to   diphtheria   by  giving 
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diphtheria  cultures  by  the  mouth,  and  Fornario  (1908 ')  vaccinated  rats  and 
rabbits  against  plague  by  feeding  them  on  cultures  of  plague.  With  regard 
to  these  last  experiments  with  living  cultures  the  criticism  is  valid  that  some 
lesion  may  have  been  produced  in  the  intestinal  tract  of  the  animals.  With 
regard  to  the  experiments  with  various  sera  and  blood  corpuscles,  the  animal 
in  some  cases  was  fed  with  a  stomach  tube,  which  might  have  produced  some 
gastric  lesion  and  absorption  of  the  antigen  through  a  broken  surface.  Again, 
in  these  experiments  due  care  was  not  always  taken  to  exclude  the  possibility 
of  a  normal  anti-body  being  present  in  the  animal's  blood  before  commencing 
feeding  the  animal.  I  therefore  thought  it  would  be  interesting  to  repeat  the 
experiments,  due  regard  being  paid  to  these  points. 

In  my  experiments  I  used  as  the  experimental  animals  rabbits, 
and  as  the  antigen  whole  ox  blood.  As  in  the  experiments  already 
given,  I  excluded  animals  with  a  normal  lysin  for  ox  blood  corpuscles. 
The  presence  of  a  normal  agglutinin  or  precipitin  was  also  excluded. 
Only  when  the  animal  had  passed  these  different  tests  was  it  considered 
fit  to  be  experimented  on.  The  rabbits  were  then  kept  in  separate 
cages  and  fed  on  ox  blood,  2  oz.  of  fresh  blood  being  stirred  up 
thoroughly  amongst  their  corn  and  bran  each  morning.  The  feeding 
dish  was  cleaned  out  thoroughly  every  morning.  After  a  few  days 
the  rabbits  began  to  eat  this  mixture  quite  well. 

Experiment  I. 

Rabbit  (brown  doe). — Tested  as  above  for  presence  of  normal  lysin, 
agglutinin,  and  precipitin  for  ox  blood  from  6th  to  8th  December.  Feeding 
on  blood  commenced  on  10th  December.  Animal's  serum  tested  about 
every  week  thereafter  for  the  appearence  of  anti-bodies.  Immune  body, 
agglutinin,  and  precipitin  to  ox  blood  first  found  on  15th  January. 

Experiment  II. 

Rabbit  (buck). — Tested  as  above  between  6th  and  8th  December.  Feeding 
on  blood  commenced  on  10th  December.  Animal's  serum  tested  about 
every  week  thereafter  for  the  appearance  of  anti-bodies.  Imnume  body, 
agglutinin,  and  precipitin  noticed  first  about  20th  .January. 

Experiment  III. 

RABBrr  (brown,  rough). — Te.sted  as  above  from  29th  to  31st  January. 
Feeding  on  ox  blood  commenced  31st  January.  On  15th  February  no 
anti-bodies  were  observed  to  be  present.  On  21st  February  immune  body, 
agglutinin,  and  precipitin  were  noticed  to  be  present. 

Experiment  IV. 

Rabbit  (brown  rough,  eosin  mark). — Tested  as  above  from  29tli  to  31st 
January.  Feeding  on  ox  blood  commenced  31st  January.  On  loth 
February  immune  body,  precipitin,  and  agglutinin  to  ox  blood  were  found  to 
bo  present  in  the  serum. 

Thus  in  these  experiments,  with  carefully  tested  animals,  I  was 
able  to  produce  a  hemolysin,  an  agglutinin,  and  a  precipitin  to  ox 
blood  by  feeding  rabbits  on  ox  blood. 
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Conclusions. 

1.  The  exclusion  of  such  orgaus  as  the  spleen,  the  leucocyte  and 
lymphatic  apparatus,  the  thyroid  or  the  kidney,  by  extirpation  and 
other  methods,  does  not  delay  the  critical  production  of  the  immune 
body  on  the  third  day  after  the  rabbit  has  been  injected  intravenously 
with  ox  blood  corpuscles.  I  consider  this  strong  evidence  that  the 
immune  body  is  not  formed  in  these  organs. 

2.  There  is  no  leucocytosis  observable  in  the  rabbit  after  an 
intravenous,  intraperitoneal,  or  subcutaneous  injection  of  ox  blood 
corpuscles.  This  further  excludes  the  leucocytic  organs  (as  far  as 
they  can  be  excluded  by  such  a  method)  from  a  participation  in  the 
production  of  immune  body. 

3.  When  rabbits  are  fed  on  ox  blood,  a  h;emolysiu,  an  agglutinin, 
and  a  precipitin  against  ox  blood  is  produced.  One  might  therefore 
suspect  that  the  production  of  anti-bodies  is  the  exaggeration  of  a 
process  which  normally  deals  with  foreign  and  unaltered  proteid 
gaining  admission  to  the  circulation  through  the  walls  of  the  intestine. 
That  it  is  produced  in  large  quantity  in  ordinary  immunising  experi- 
ments may  be  accounted  for  by  the  larger  quantity  of  undigested 
material  that  gains  entrance  to  the  circulation  under  such  circum- 
stances. 

4.  I  have  shown  elsewhere  (1910'*')  that  the  liver  has  a  great 
power  of  sifting  out  particulate  foreign  material  from  the  circulation. 
One  hesitates  to  attriljute  to  any  single  organ  the  work  of  producing 
anti-bodies ;  but  taking  this  into  consideration,  along  with  the  embryo- 
logical  derivation  of  the  liver,  its  situation  directly  in  the  path  of 
foreign  material  normally  entering  the  circulation,  the  known  impor- 
tance of  the  liver  in  secondary  digestion,  and  its  great  metabolic 
activity,  more  attention  might  be  paid  to  the  possibilitj"  of  its  playing 
a  rule  in  the  formation  of  anti-lmdios  than  has  hitherto  been  done. 
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NOTE  ON  THE  OCCURRENCE  OF  A  TRYPAN OSOME 
(TRYPANOSOMA  CUNICULI,  BLANCHARD)  IN 
THE  RABBIT.  1 

By  J.  H.  AsHWOKTH,  D.Sc,  Lecturer  in  Invertebrate  Zoology,  University 
of  Edinlurgli ;  and  J.  P.  MacGowan,  M.A.,  B.Sc,  M.B,  Ch.B., 
Ernest  Hart  Research  Scholar  of  British  Medical  Association. 

From  the  Zoological  DcjMrtmcnt,  University  of  Edinburgh,  and  the  Eoyal  College 
of  Physicians'  Laboratory,  Edinburgh. 

WITH  A   NOTE   ON   THE   EXPERIMENTAL   WORK 

By  Dr.  James  Ritchie,  Superintendent  of  the  Royal  College  of  Physicians' 
Laboratory,  Edinburgh. 

The  object  of  the  present  note  is  to  record  the  occurrence  of  Trypano- 
soma cuniculi,  Blanchard  (1904 -),  which  was  observed  by  one  of  us 
while  examining  the  blood  of  tame  rabbits  which  had  been  bred  either 
in  or  around  Edinburgh.  We  also  take  the  opportunity  of  adding  a 
few  observations  on  the  morphology  of  the  parasite,  and  on  its  effect 
upon  the  host. 

This  trypanosome  was  first  observed  by  Jolyet  and  de  Nabias  of  Bordeaux 
in  July  1882,  but  was  not  recorded  by  tbem  until  1891 ;  they  found  the 
organism  in  four  out  of  ten  rabbits  examined.  Nocard  and  Leclainche 
(1903  ")  refer,  in  passing,  to  the  presence  of  a  trypanosome  in  rabbits.  Petrie 
(1904'*)  first  recorded  this  organism  in  British  rabbits.  While  examining 
tame  rabbits  at  Klstree,  Hertfordshire,  in  ]\Iay  1902,  he  accidentally  discovered 
that  the  blood  of  one  of  them  swarmed  with  trypanosomes ;  two  other  infected 
rabbits  were  observed  in  January  1903,  but  seventy  other  tame  rabbits  were 
examined  with  negative  results.  In  a  later  paper  (1905 ')  Petrie  states  that 
tame  rabbits  are  seldom  infected,  for  230  were  examined  with  negative 
results,  but  out  of  forty  wild  rabbits  four  proved  to  be  infected.  Bosc  (1906^) 
records  the  presence  of  the  same  trypanosome  in  a  wild  rabbit,  one  of  a  dozen 
bought  in  the  market  of  Montpellier,  and  Bettencourt  and  Franca  (1906') 
found  the  organism  in  three  out  of  eleven  rabbits  from  Thomar  (Estremadura), 
but  in  sixty-nine  rabbits  from  other  districts  of  Portugal  no  trypanosomes 
could  be  foinid.  Trypanosomes  similar  to  those  described  by  Petrie  were 
recorded  by  Manca  (1906")  in  the  bloo<l  of  a  wild  rabbit  from  Sardinia. 
Nicolle  (see  Laveran  and  Mesnil,  "Trypanosomes  et  Trypanosomiases,  190-4," 
pp.  100-101,  English  edition,  1907,  p.  104)  observed  trypanosomes  in  the 
blood  of  rabbits  in  Constantinople,  but  no  morphological  details  regarding  this 
trypanosome  are  available.  The  above  are,  as  far  as  we  arc  aware,  all  the 
'  Received  January  28,  1909. 
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definite  first-hand  records  of  the  spontaneous  occurrence  of  trypanosomes  in  the 
blood  of  rabbits. 

We  found  T.  cuniculi  in  the  blood  of  three  out  of  eighty-nine 
tame  rabbits,  obtained  from  Edinburgh  and  district,  examined  in 
May  1908.  Although  other  rabbits  from  the  same  source,  including 
a  batch  of  forty-eight,  in  January  1909,  have  been  examined  from 
time  to  time,  no  further  cases  showing  the  presence  of  this  organism 
have  been  met  with. 

The  trypauosome  of  the  rabbit  was  described  by  Jolyet  and  de 
Nabias.  According  to  these  observers,  the  organism  is  30  to  36/x  in 
length  and  2  to  3fi  in  breadth,  its  Hagellum  is  about  15/x  long,  and 
the  pointed  posterior  end  of  the  animal  (from  its  tip  to  the  kineto- 
nucleus)  is  about  3/4  in  length.  Bosc  states  that  his  specimens  of  this 
trypanosome  are  26  to  28fi,  or  up  to  30 fi  in  length,  and  2'5  to  3/u. 
in  width. 

We  have  made  careful  measurements  of  the  trypanosomes  in 
films  ^  prepared  from  our  infected  tame  rabbits,  and  also  in  two  films, 
kindly  given  to  us  by  Dr.  Petrie,  prepared  from  his  infected  wild 
rabbits.  The  average  dimensions  of  twenty  trypanosomes  from  our 
films  are — length  of  the  posterior  ^  end  (i.e.  from  the  tip  of  the  organism 
to  the  kinetouucleus),  3/x ;  length  of  body,  from  kinetonucleus  to  the 
beginning  of  the  free  portion  of  the  flagellum,  17'4/x;  length  of  free 
portion  of  the  flagellum,  8/li,  giving  a  total  length  of  2S'4fi.  The 
corresponding  average  measurements  of  twenty  trypanosomes  on  Dr. 
Petrie's  films  are — 3/j.,  18 fj.,  S/i;  total  length,  29 fi.  The  length  of 
the  twenty  organisms  measured  on  our  films  varies  from  27/ito  29"4/i, 
and  that  of  those  on  Dr.  Petrie's  films  from  28  to  31/x,  but  only  two 
out  of  the  twenty  reached  31/i  in  length.  Neither  on  Dr.  Petrie's 
nor  on  our  own  films  were  specimens  observed  longer  than  31^,  and 
in  none  was  the  free  portion  of  the  flagellum  longer  than  1  l/i,  and  in 
most  of  them  it  was  only  7  to  10/t  in  length.^  These  measurements 
are,  it  will  be  noted,  distinctly  less  than  those  given  by  Jolyet  and 
de  Nabias  (see  above).  The  width  of  T.  cuniculi,  from  measurements 
made  on  the  films  above  mentioned,  is  on  an  average  almost  exactly 
2/i,  in  only  one  or  two  out  of  the  many  specimens  oliserved  was  the 
diameter  appreciably  greater — namely,  2'7/i — except,  of  course,  in  tlie 
case  of  specimens  in,  or  preparing  for,  division. 

Petrie  (1905",  p.  193)  pointed  out  that  this  trypanosome  is  not 
distinguishable  microscopically  from  Trypanosoma  Icwisi  (Kent),  and 
after  making  a  series  of  measurements  of  botli  these  organisms  we 
can  entirely  confirm  this  conclusion.  In  size  and  in  tlic  proportion 
of  tlie  various  parts  the  two  trypanosomes  are  closely  similar,  as  may 

'  Ordiimry  dry  lilnis  staiiii'd  with  Iipishman'.s  stain. 
''  Afwuiiiing  tlio  free  portion  of  tlie  tingelhini  to  bo  anterior. 

^  A  specimen  of  tliis  tiypano.Homo  figured  in  Petrie's  |uipi'r  (lOO.'!,  I'l.  VIII.  Kig.  4)  is, 
according  to  the  attjiehed  scale,  about  37/«  long. 
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be  seen  by  reference  to  the  average  measurements  of  twenty-five 
specimens  of  T.  fewm,^  which  are  as  follows: — Posterior  end,  3'8/i; 
"body,"  18-5/i;  free  portion  of  flagellum,  I'l  fj^;  total  length,  30 /i. 
The  tapering  posterior  end  of  T.  Icivisi  is  on  an  average  distinctly 
longer  than  that  of  T.  euniculi,  but  the  individual  variations  in  the 
length  of  this  portion  are  such  as  to  preclude  its  use  as  a  distinguishing 
character,  for  they  are  almost  as  large  in  amount  as  the  difference  in 
the  length  of  this  region  of  the  animal  exhibited  by  the  two  species ; 
for  instance,  specimens  of  T.  euniculi  with  posterior  end  as  long  as 
3 '6  /i,  and  of  T.  leivid  with  posterior  end  only  3  //.  long,  are  present 
in  our  films.  In  Laveran  and  Mesnil's  treatise  (English  Edition, 
p.  104),  T.  cunieuli  is  stated  to  be  "a  little  smaller  [than  T.  lewisi-], 
and  its  post-centrosomic  end  is  very  short  and  slender,"  but,  as  we 
have  shown  above,  the  two  organisms  are  very  closely  similar  not  only 
in  their  total  length,  but  in  the  length  of  their  "  post-centrosomic  end." 

Although  T.  euniculi  is  not  distinguishable  with  certainty  by  its 
morphology  from  T.  leicisi,  these  two  organisms  can  be  distinguished 
lay  their  reaction  on  inoculation  into  rats.  The  blood  of  rabbits 
containing  T.  euniculi  was  inoculated  into  guinea-pigs,  rats,  and  mice 
by  Betteucourt  and  Franca,  and  into  guinea-pigs  and  rats  by  Bosc 
and  by  Petrie,  but  in  every  case  trypanosomes  could  not  subsequently 
be  found  in  the  inoculated  animals.  It  has  apparently  not  been 
always  easy  to  transmit  the  organism  to  other  rabbits ;  for  instance, 
Bosc  inoculated  four  rabbits,  in  regard  to  three  of  which  the  results 
were  negative,  while  in  the  fourth  case  the  trypanosomes  appeared  in 
small  uumbei's  only,  and  disappeared  about  the  eleventh  day  after 
inoculation.  Of  five  rabbits  inoculated  intraperitoneally  by  Betten- 
court  and  Franca,  two  became  infected,  but  the  trypanosomes  dis- 
appeared by  the  twenty-fifth  day.  In  Petrie's  experiments  (1904'') 
ten  rabbits  were  inoculated,  five  of  which  gave  negative  results,  but 
four  died.  The  cause  of  death  could  not,  however,  be  established,  but 
Petrie  suggests  that  the  trypanosoma  blood  was  toxic  in  these  cases. 
Petrie  tried,  but  without  success,  to  transmit  the  infection  by  inocula- 
tion from  wild  to  tame  rabbits. 

In  both  wild  and  tame  rabbits  in  which  the  infection  has  taken 
place  either  "  naturally  "  or  by  artificial  inoculation  there  are  generally 
no  morbid  symptoms,  the  animals  are  usually  apparently  quite  healthy. 
The  only  contrary  observations  are^ — (1)  Possibly  the  cases  recorded 
by  Petrie  (see  above),  in  which  four  of  the  inoculated  rabbits  died ; 
and  (2)  the  cases  observed  by  Nicolle  in  Constantinople,  where  the 
inoculated  rabbits  became  cachectic  and  died.  Jolyet  and  de  Xabias, 
while  stating  that  the  health  of  infected  animals  does  not  seem  to  be 
affected,  say  that  the  parasite  is  more  often  found  in  rabbits  which 

'  From  films  (fixed  with  osmic  vapour)  for  wliicli  we  are  indebted  to  Professor  Mindiiii. 

-  On  p.  68  of  the  volume  cited  above,  T.  li-ici.ti  is  stated  to  bo  24  to  25  ju  in  length,  but 

the  two  e.xamples  of  this  organism  drawn  in  Fig.  16  (p.  103)  average  about  34  /u  in  length. 
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are  wasted  and  ill,  or  in  those  which  have  suffered  from  diarrhoea, 
than  in  healthy  rabbits.  The  period  of  persistence  of  the  trypanosomes 
in  the  blood  of  infected  animals  seems  to  be  usually  comparatively 
short ;  in  the  infected  rabbits  observed  by  Bettencourt  and  Franca 
the  trypanosomes  were  no  longer  demonstrable  in  their  blood  twenty- 
five  days  after  they  had  been  first  noticed,  but  in  one  of  Petrie's  cases 
the  parasites  persisted  for  a  period  of  ten  mouths. 

The  rabbits  in  the  blood  of  which  we  found  T.  cuniculi  were,  as 
already  stated,  three  out  of  a  batch  of  eighty-nine  tame  rabbits  from 
the  neighbourhood  of  Edinburgh.  Although  the  blood  of  the  other 
eighty-sbc  rabbits  was  subjected  to  careful  examination,  no  trypano- 
somes could  be  found,  nor  have  they  been  observed  in  any  of  the 
rabbits  subsequently  acquired  from  the  same  sources.^  The  presence  of 
trypanosomes  in  the  blood  of  the  three  rabbits  above  mentioned  was 
first  noticed  on  10th,  20th,  and  21st  May  1908  respectively.  In  the 
case  of  the  first-named  trypanosomes  were  demonstrable  in  the  blood 
until  16  th  July  {i.e.  sixty-eight  days),  but  in  the  two  latter  cases  the 
typanosomes  had  disappeared  from  the  blood  by  2nd  July  {i.e.  after 
forty-three  and  forty-four  days  respectively).  In  none  of  the  cases 
was  there  any  rise  of  temperature  or  any  morbid  symptom  whatever ; 
the  animals  were  in  excellent  condition  during  the  wliole  period  the 
infection  persisted,  and  one  of  them  actually  gained  weight.  The 
animals  have  been  kept  under  observation  until  the  time  of  veriting 
(January  1909),  and  are  still  perfectly  healthy.  Tliere  has  been  no 
reappearance  of  the  trypanosomes  in  their  blood. 

Experimental  Work. 

Two  tame  rabbits  were  injected  intravenously  with  4"5  c.c.  infected 
citrated  blood — equal  parts  of  strongly  infected  blood  and  citrate 
solution  ;  on  the  seventh  day  after  inoculation  numerous  trypanosomes 
appeared  in  the  blood,  and  for  three  weeks  longer  the  organisms 
continued  to  be  present  in  the  blood  in  large  numbers,  after  wliich 
time  they  gradually  disappeared.  During  the  whole  period  of 
infection  the  health  of  the  rabbits  was  not  in  the  least  disturbed  by 
the  presence  of  the  numerous  flagellates  in  their  blood ;  their  weiglib 
was  maintained,  they  fed  well,  and  their  temperature  was  normal. 
Two  rats  and  two  guinea-pigs  were  inoculated  intraiieritoneally,  and 
two  mice  were  injected  subcutaneously,  each  auinuil  with  Oo  c.c.  blood 
from  a  strongly  infected  tame  rabbit ;  tiiese  animals  remained  quite 
healthy,  and  no  trypanosomes  could  be  found  in  their  blood,  although 
they  were  kept  under  careful  oliservation  for  a  period  of  three  weeks. 
Specimens  of  the  lilood  of  the  infected  rabbits,  containing  T.  cuniculi, 
were  kept  in  tulies  at  the  room  temperature,  at  37°  C,  and  in  the  ice 
chest  at  S°<'.  The  trN'panosomes  disappeared  from  the  two  former 
'  .Sw,  however,  note  at  end  of  iMper  (p.  441). 
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sets  of  tubes  (at  room  temperature  and  at  37°  C.)  in  from  one  to  three 
days,  but  after  more  than  a  week  the  organisms  were  actively  motile 
in  the  tubes  kept  in  the  ice  chest.  Petrie  ^  has  already  shown 
(1904,  1905)  that  T.  cunicidi  will  maintain  its  motility  unimpaired  for 
at  least  a  month  when  kept  under  these  conditions. 

Summary. 

Trypanosoma  cuniculi  (Blanchard)  has  been  comparatively  seldom 
noticed  ;  it  has  been  previously  recorded  from  the  blood  of  either  wild 
or  tame  rabbits  in  Elstree  (Herts),  Bordeaux,  Montpellier,  Thomar 
(Portugal),  and  Sardinia  ;  ^  we  now  record  the  presence  of  this  organism 
in  tame  rabbits  obtained  in  and  around  Edinburgh.  This  trypanosome 
is,  according  to  our  measurements  made  on  films  prepared  from  infected 
wild  and  tame  British  rabbits,  usually  about  28  to  29/i  long  (not 
often  exceeding  30/i  in  length) ;  the  free  portion  of  the  flagellum  is 
about  8/x  long,  and  the  tapering  "  post-centrosomic  "  end  is  about  S/i 
long,  the  "  body "  of  the  animal  being  17  to  1  8/a  in  length. 
T.  cuniculi  is  morphologically  very  similar  to  T.  Icwisi  (Kent),  from 
which  it  is  not  possible  to  distinguish  it  microscopically ;  but  the  two 
organisms  are  distinguishable  on  inoculation  into  rats,  which  are  quite 
refractory  (as  also  are  guinea-pigs  and  mice)  to  T.  cuniculi.  The 
health  of  the  host  is,  according  to  our  observations  on  five  strongly 
infected  rabbits,  not  appreciably  affected  by  the  presence  of  large 
numbers  of  T.  cunicidi  in  the  blood.  The  organism  dies  in  from  one 
to  three  days  if  the  blood  in  which  it  is  present  be  kept  at  room 
temperature  or  at  any  higher  temperature,  but  it  will  remain  actively 
motile  for  over  a  week  (a  month,  according  to  Petrie)  if  the  blood  be 
kept  at  a  low  temperature  (8°  C). 

Note. — Since  this  paper  was  written.  Dr.  W.  M.  Scott  has  found 
another  laboratory  rabbit  with  trypanosomes  of  the  same  species  in  its 
blood.     The  rabbit  was  quite  healthy. 
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Ever  since  M'Donald  (1907—8'*),  working  in  this  laboratory,  found, 
in  certain  cases  of  meningitis,  organisms  described  by  him  as  Lepto- 
thrix  forms,  a  look  out  has  been  kept  for  similar  forms.  One  such 
bacterium,  which  was  isolated  from  a  case  of  pyaemia  associated  with 
meningitis  has  been  described  by  M'Donald  and  the  author  (1908  -*). 
During  the  past  year  I  have  had  the  opportunity  of  investigating  two 
other  cases  in  which  the  organisms  isolated  were  probably  more  closely 
related  to  those  originally  seen  by  M'Donald,  and  I  have  had  access  to 
a  third  case  which  probably  belongs  to  the  same  group.  These  cases 
form  the  subject  of  the  present  paper. 

Case  1. — For  this  case  I  am  indebted  to  the  kindness  of  Dr.  John 
Thomson.  It  is  that  of  a  boy,  set.  19  months,  whose  only  previous  illness  had 
been  an  attack  of  otitis  media  at  the  age  of  13  months,  from  which  he  had 
completely  recovered.  The  illness  began  with  feverishness,  drowsiness, 
temperature  running  from  102°-104°*5  F.,  stiffness  of  neck,  head  retraction, 
and  cervical  tenderness  on  moving  head.  On  the  tenth  day  the  temperature 
ran  from  103''4  in  the  morning  to  101°-8  in  the  evening:  pulse,  140;  respira- 
tions, .50  to  60 ;  no  signs  of  disease  in  ears,  heart,  lungs  or  abdomen,  and  urine 
normal ;  child  quite  conscious  and  intelligent,  very  .scn.sitive  to  loud  sounds, 
knee-jerks  active,  marked  Kernig's  sign.  Lumbar  puncture  yielded  2i  oz. 
faintly  opalescent  fluid,  which  escaped  under  considerable  pressure.  The 
sediment  contained  numerous  Gram-negative  bacilli.  On  the  seventeenth  day 
the  child  was  almost  unconscious;  temperature,  104°  F.,  respiration,  60; 
pulse,  164  ;  general  rigidity ;  lumbar  jnuicture  yielded  30  c.c.  of  fluid,  and  the 
same  amount  of  Fle.xner's  auti-meningococcic  serum  was  injected.  A  tem- 
porary fall  of  temperature  followed,  but  no  improvement  resulted  and  the 
child  died  on  the  twentieth  day. 

The  second  sample  of  cerebro-spinal  fluid  was  sent  to  me  for  examination. 
It  had  been  withdrawn  under  strict  aseptic  conditions,  and  Dr.  Thomson  stated 

'  Commuuicated  to  the  I'atliologiral  Society  of  Groat  Britain  ami  IrelaiuK  January  7-8, 
1010.  [Received  April  !.'>,  1010.]  The  cxpcnse-s  of  the  rcsearoli  were  tiefrayeil  from  a  grant 
made  by  the  Carnegie  Trust. 
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that  it  was  more  turbid  tliaii  the  .specimen  first  witlidrawn.  ^Vhen  stained 
by  Gram  it  was  found  to  be  rich  in  leucocytes,  tlie  prevailing  type  being  the 
polymorpho-nuclear.  It  contained  a  number  of  Gram-negative  bacilli, 
apparently  all  of  the  same  kind.  These  were  about  0"3  to  0'4  broad,  and 
varied  much  in  length,  some  long  forms  being  present.  No  other  organisms 
were  detected  in  the  fluid. 

Cultures  were  made  in  agar,  serum,  bouillon,  glucose  bouillon,  and  blood- 
smeared  agar  (in  the  latter  both  aerobic  and  anaerobic  tubes).  Growth  only 
took  place  in  the  last-named  medium  in  the  aerobic  tube.  It  was  very  sparse, 
and  consisted  of  small  transparent  colonies  which  developed  best  in  the  little 
shreds  of  blood  clot  present.  These  were  found  to  consist  of  bacilli  identical 
with  those  seen  in  the  films  from  the  cerebro-spinal  fluid,  and  showing  very 
frequently  long  filamentous  forms. 

Case  2. — For  this  case  I  am  indebted  to  Dr.  Claud  Ker,  of  the  Edinburgh 
City  Hospital.  The  patient,  an  infant,  was  admitted  to  the  hospital  on  29th 
October  1909 ;  notified  as  a  case  of  cerebro-spinal  fever.  Lumbar  puncture  the 
same  night  yielded  nothing,  but  on  30th  October  about  5  c.c.  of  a  turbid  fluid 
were  obtained  by  Dr.  John  Ritchie,  bacteriologist  to  the  hospital.  On  this  day 
also  a  purulent  otorrhcEa  was  observed.  Part  of  the  fluid  along  with  a  serum 
culture  was  sent  to  me  by  him  on  1st  November.  The  child  died  on  31st 
October,  and  no  post-mortem  was  obtained.  The  fluid  sent  was  found,  on 
microscopic  examination,  to  show  chiefly  a  polymorph  exudation  in  which  there 
were  a  number  of  Gram-negative  bacilli, — nothing  resembling  meningoccoci  or 
other  organisms  being  seen.  Similar  bacilli  were  present  in  the  serum  culture 
which  had  been  made  by  Dr.  Kitchie. 

Cultures  were  made  on  all  the  ordinary  media,  and  on  rabbit-blood  agar  both 
aerobically  and  anaerobically.  Growth  appeared  only  on  the  latter  medium, 
and  was  most  vigorous  on  the  aerobic  tubes.  Its  characters  were  identical 
with  those  of  the  cultures  from  Case  1. 

Case  3. — This  case  was  lirought  under  the  notice  of  Dr.  Stuart  M'Donald 
and  myself  by  Dr.  Claud  Ker  at  the  time  we  were  working  up  the  case  of 
pyaemia  already  alluded  to.  It  is  that  of  a  child,  fet.  .5  months,  who  ten  days 
previous  to  admission  to  the  City  Fever  Hospital  was  seized  with  convulsions, 
repeated  three  days  later  ;  there  was  also  frequent  vomiting.  On  admission 
there  was  high  fever,  marked  head  retraction,  neck  rigidity.  Kernig's  sign 
was  present,  the  child  was  conscious,  and  there  were  no  skin  haimorrhages. 
On  the  next  day  (eleventh  of  illness)  head  retraction  was  still  marked  ;  breath- 
ing rapid,  60;  temperature,  103°  F.  On  the  twelfth  day,  convulsions,  eyes 
rolling,  fontanelles  tense,  respiration  84,  temperature  106'  F.,  and  death  in 
convulsions  ;  no  post-mortem  obtained.  The  child  had  had  discharge  from 
the  ears. 

Lumbar  puncture  was  peifoi'mcd  on  three  successive  days  ;  the  fluid  was 
slightly  turbid,  and  containi'd  polymorph  cells.  On  the  first  occasion  there 
were  .slender  bacilli  present  (I'late  XL.  Fig.  3).  A  pure  culture  of  a  Icptothrix 
bacillus  is  noted  as  liaving  been  obtained  on  Lufflor's  serum,  but  subcultures 
failed  to  yield  growths.  No  meningococci  were  seen  microscopically,  nor  did 
such  appear  on  culture  tubes.  The  serum  of  the  patient  did  not  agglutinate 
either  the  meningococcus  or  Batten's  coccus  of  posterior  basal  meningitis. 

A  film  from  the  cerebro-spinal  fluid  was  given  to  us  by  Dr.  Ker,  and  it 
contains  l)acilli  resembling  in  every  wav  the  bacilli  i.solated  by  me  from  Cases 
1  and  2. 

So  h\\  as  can  he  seen,  the  orfiauisius  isolated  from  the  Cases  1  ami  2 
are  identical  in  microscopic,  cultural,  ami  general  patliogcuic  properties. 
It  is  a  non-motile  bacillus  which  stains  with  ordinary  dyes,  and  is 
negative  to  Gram.      In  young  cultures  it  is  from  03  to  0"4  /i  broad, 


MENINGITIS    WITH  INFLUENZA-LIKE  BACILLUS.   617 

but  varies  much  iu  length.  Sometimes  the  prevaihng  length  in  a 
culture  is  from  0"5  to  1'3  ji,  but  even  in  such  cultures  long  forms 
measuring  from  10  to  15  /x  are  met  with  (Plate  XL.  Fig.  1).  The.se 
are  often  irregularly  bent.  In  older  cultures  these  long  forms  may  be 
a  prominent  feature,  and  the  filaments  often  double  on  themselves. 
Genei'ally  speaking,  the  protoplasm  of  the  organism  stains  uniformly, 
but  sometimes  intensely  stained  particles  may  be  observed,  especially  at 
the  ends  of  the  long  individuals.  In  older  cultures,  say  from  five  to 
ten  days,  involution  forms  are  prevalent,  and  these  assume  many 
aberrant  shapes, — wavy  spirals,  exaggerated  commas,  elongated  flask 
shapes,  long  filaments  with  speckled  protoplasm,  etc.  (Plate  XL.  Fig.  2). 
Nothing  resembling  spore  formation  has  been  observed. 

As  has  been  indicated,  when  the  cerebro-spinal  fluid  was  used  as 
the  infective  material,  free  growth  was  alone  obtained  on  agar  smeared 
with  rabbit  or  human  blood, — the  latter  perhaps  giving  the  better 
result.  On  ordinary  agar  infected  from  the  same  source,  either  no 
growth  resulted  or  only  a  few  weak  colonies  which  soon  died 
out.  When  the  organism  has,  however,  been  cultivated  on  blood  agar 
for  some  months  subculture  on  ordinary  agar  is  more  successful,  and 
further  subcvdtures  can  be  carried  on  for  some  weeks ;  the  colonies  are, 
however,  almost  invisible  to  the  naked  eye,  and  smears  show  the  bacilli 
to  be  mostly  very  small  individuals.  The  most  characteristic  growth 
is  that  on  blood  agar  as  described.  After  twenty-four  hours  at 
37°  C.  minute  dewdrop-like  colonies  are  observable,  which  on  further 
incubation  do  not  increase  in  size.  At  room  temperature  no  growth 
takes  place,  but  when  growth  is  started  at  37°  C.  the  cultures  can  be 
kept  for  a  day  or  two  at  room  tempei'ature  without  dying.  Growtlis 
kept  at  37°  C.  are  alive  after  at  least  eighteen  days,  but  subcultures 
made  after  long  intervals  show  a  more  sparse  growth  than  those  made 
from  young  cultures.  On  other  media  a  growth  has,  hitherto,  not  been 
obtained. 

Inoculation  ExPEniiiENTS. — 1.  A  Rhesus  inonken  liad  two  Llood-agar 
cultures  injected  into  the  hnnbar  region  of  the  spinal  canal.  It  died  within 
eighteen  hours,  and  the  organism  was  recovered  by  culture  from  the  surface  of 
the  spinal  cord  and  from  the  base  of  the  brain.  The  whole  of  the  spinal  cord 
and  the  base  of  the  brain  were  in  a  state  of  conmiencing  meningitis.  In 
both  situations  a  greyish  exudation  was  beginning  to  appear.  Smears  from 
the  base  of  the  brain  showed  an  abundant  cellular  exudation, — the  chief  cells 
present  being  polymorphs  ;  there  were  also  some  large  mononucleated  cells 
with  a  rather  small  nucleus  and  slightly  acidophil  protoplasm.  Some  of  these 
mononucleated  cells  and  many  of  the  polymorjilis  contained  in  the  proto- 
plasm pliagocyted  bacilli,  some  long  forms  being  included.  There  was  a 
tendency  to  karyorrhexis  in  some  of  the  polymorphs.  There  were  an 
enormous  luimber  of  free  bacilli  in  the  smears,  practically  all  of  these  being 
short  forms.  In  films  made  from  the  surface  of  the  spinal  cord  there  were 
enormous  numbers  of  large  mononucleated  cells,  derived,  apparently,  from  the 
opondyma,  the  prevailing  type  being  a  largo  oval  cell  with  oval  nucleus  often 
placed  at  one  end.  There  was  a  relatively  small  nmuber  of  polymorphs,  which, 
however,  often  contained   bacilli.     The   specimens   were   crowded  with  free 
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bacilli.  It  may  be  said  that  the  inoculation  of  the  monkey  was  carried  out 
with  cultures  from  Case  1  a  few  days  after  tlie  organism  had  been  isolated 
from  the  spinal  fluid.  While  the  death  of  this  animal  was  probably  chiefly 
due  to  the  toxic  effects  of  an  overdose,  there  is  no  doubt  that  the  organism  had 
multiplied  in  its  body  and  was  commencing  to  cause  a  meningitis. 

2.  Guinea-pi'is: — -Pressure  of  other  work  prevented  further  inoculation 
experiments  being  carried  out  until  blood-agar  subcultures  from  Case  1  were 
about  five  months,  and  from  Case  2  about  two  months,  distant  from  their 
isolation  from  the  human  body.  After  the  lapse  of  these  periods  it  was  found 
that  both  organisms  were  pathogenic  to  guinea-pigs,  one  and  a  half  cultures 
injected  intraperitoneally  killing  these  animals  in  thirty-six  hours.  The 
organism  was  isolated  from  the  peritoneal  cavity  and  from  the  heart  blood. 
There  was  a  purulent  peritonitis,  the  exudation  being  scanty  in  amount  and 
glairy  in  character.  It  was  richly  cellular,  the  prevailing  cell  being  the 
mononuclear ;  many  of  these  were  obviously  derived  from  the  blood,  but  there 
were  also  many  large  elements  often  oval  with  an  oval  nucleus  derived  from 
the  peritoneal  endothelium.  Sometimes  a  good  many  free  bacilli  were  present 
in  the  peritoneal  fluid,  and  there  was  a  slight  degree  of  phagocytosis.  It  may, 
however,  be  stated  that  when  only  short  forms  of  the  organism  are  present 
it  is  often  difficult  to  be  certain  both  of  the  presence  of  phagocytosis  and  of 
free  bacilli. 

On  the  pathogenicity  being  tested  in  guinea-pigs  about  two  months  later 
it  was  found  impossible  to  infect  adult  animals  either  intraperitoneally  or 
hypodermically,  but  a  young  guinea-pig  of  about  300  grnis.  succumbed  to  intra- 
])eritoneal  injection  of  two  cultures  after  an  illness  of  three  days.  There  was 
a  hsemorrhagic  peritonitis,  the  exudate  from  which  had  the  characters  already 
noted,  and  tlie  causal  organism  was  recovered  from  the  peritoneum  and 
heart  blood. 

3.  Other  animals. — At  the  time  the  first  guinea-pigs  were  inoculated 
rabbits  received  three  cultures  intravenously  without  effect.  A  similar  result 
followed  hypodermic  inoculation.  Intravenous  injection  of  the  organism 
which  was  fatal  to  the  small  guinea-pig  was  not  effective  when  two  cultures 
were  introduced  intravenously  into  a  young  rabbit  of  7  weeks  old.  Intra- 
peritoneal and  subcutaneous  injection  of  the  organism  in  a  dose  of  one  culture 
had  no  effect  on  mice. 

It  was  very  unfortuuate  that  in  noue  of  the  eases  described  was  a 
post-mortem  examination  obtained,  but  it  may  be  said  tliat  from  two  cases 
(1  and  2),  which  presented  clinical  characters  recognised  by  two  most 
competent  observers  to  be  those  of  acute  cerebro-spinal  meningitis  and 
in  whicli  the  cerebro-spinal  fluid  presented  the  cytological  appearances 
of  fluid  from  non-tuberculous  cases,  the  only  organism  detected  both 
by  microscopic  and  cultural  methods  was  a  bacillus  which  had  the 
morphological  and  cultural  characters  of  the  influenza  bacillus,  i.e.  the 
organisms  isolated  were  non-motile,  Gram-negative  bacilli,  iu  size 
corresponding  to  tlie  influenza  bacillus  and  presenting  the  further 
characteristic  of  this  organism  in  only  growing  on  media  containing 
blood.  The  bacillus  was  further  capable  of  causing  pathogenic  elfects 
on  guinea-pigs  and  the  monkey. 

From  the  time  of  the  first  of  the  grciit  modern  influenza  epidemics 
in  1889-90  meningitis  lia.s  been  recognised  as  an  occasional  compli- 
cation or  8e([uela  of  tlie  disease.  Clinically,  tlie  condition  often  cannot 
be  differentiated  from  the  so-called  post-basal  type,  but  in  a  good  many 
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cases  restlessness  and  wild  delirium  have  been  more  marked  than 
usually  is  the  case  in  ordinary  acute  meningitis.  Sometimes  recovery 
has  occurred,  but  usually  the  disease  has  had  a  fatal  result. 

Influenzal  meningitis  has  been  reported  on  by  Leichtenstern  (18901"), 
Kuskow  (1895  15),  Hunermann  (1899  i^),  and  others.  It  is  difficult  to  form 
an  estimate  of  the  relative  frequency  of  meningitis  as  a  complication  of 
influenza,  but  Tadesko  (1907-"),  in  1227  post-mortems  performed  in  Vienna 
between  1896  and  1906  in  which  influenza  bacilli  were  found  in  tiie  bronchi, 
records  ten  cases  where  the  clinical  diagnosis  was  meningitis.  <_>f  tliese,  in 
four  cases  no  meningitis  is  recorded  post-mortem,  in  two  there  was  simple 
meningitis,  in  two  a  purulent  meningitis,  in  one  tuberculous  meningitis,  and  one 
is  put  down  as  septicemia.  The  results  of  bacteriological  examination  of  the 
brain  are  not  recoriled,  but  in  one  case  the  influenza  bacillus  was  found  in  the 
lundjar  puncture  fluid,  and  in  another  it  was  present  in  pus  in  tlie  sphenoidal 
sinuses.  Among  the  observations  on  influenza  meningitis  considerable 
attention  has  been  devoted  to  those  of  Pfuhl  (1892,  1897-^;  see  also  Beck, 
Ghon,  loc.  cit}).  This  observer  has,  according  to  Ghon  (there  is  one  of  Pfuhl's 
papers  to  which  I  have  not  had  access),  described  fourteen  cases  of  meningitis 
occurring  during  epidemic  outbreaks  of  influenza.  In  several  of  these  the 
meningitis  presented  the  appearance,  post-mortem,  of  an  intensely  inflammatory 
hyperremia  accompanied  by  encephalitis,  but  in  some  cases  there  was  a  purulent 
condition  on  the  surface  and  at  the  base  of  the  brain,  and  in  one  an  abscess  of 
the  cerebellum  occurred.  In  all  the  series  Gram-negative  bacilli  resembling  the 
B.  influenza  were  found  and  often  isolated,  and  in  one  case  similar  bacilli  were 
found  in  the  liver,  spleen,  and  kidney.  Unfortunately,  in  most  of  the  cases 
other  bacteria — cocci  and  "  putrefactive  organisms  " — were  also  observed,  and 
this  fact  has  caused  several  critics  to  doubt  Pfuhl's  deductions  that  the 
influenza  bacillus  was  the  direct  cause  of  the  meningitis.  In  a  few  of  his 
cases,  however,  there  is  little  doubt  that  such  a  bacillus  was  present  alone  in 
the  central  nervous  system. 

Apart  from  the  occurrence  of  meningitis  complicating  a  definite 
influenza  a  number  of  instances  have  occurred,  of  which  the  chief  ai'e 
recorded  below,  in  which  meningitis  has  been  associated  with  intluenza- 
like  bacilli.  Those  cases  have  mostly  been  sporadic  in  their  distri- 
bution. To  this  group  my  own  cases  belong,  as  at  the  times  of  their 
occurrence  influenza  was  not  present  in  Scotland  in  an  epidemic  form. 

Thus  Cagnetto  (1904-')  records  the  occurrence  in  Venice  of  the  cases  of 
two  children,  set.  12  and  13  months,  who  died  after  illnesses  of  si.xteen  and  ten 
days  respectively.  During  life  the  symptoms  were  those  of  meningitis,  and 
after  death  there  was  found  an  abundant  tibrino-purulent  exudation  in  the 
.subdural  space  and  in  the  pia  arachnoid,  especially  over  the  vertex  and  also  in 
the  base  and  extending  down  the  spinal  cord,  wliere  it  was  specially  marked 
in  the  lumbar  region.  The  brain  substance  was  cedematous  and  the  ventricles 
were  distended  with  exudate.  In  both  cases  beads  of  pus  were  found  in  the 
tympanic  cavities.  In  both  cases  the  nasopharynx  was  normal.  In  one  case 
there  was  catarrh  of  the  larger  bronchi,  and  also  some  recent  fibrinous  peri- 
splenitis. In  the  other  case  there  was  an  acute  parenchymatous  nepliritis. 
In  preparations  of  the  meningeal  exudate  and  the  s])inal  fluid  influenzadike 
bacilli  were  seen,  and  these  were  obtained  in  pure  culture  on  aerobic  pigeon- 
blood  agar  and  on  no  other  medium. 

Cohen  (1909'')  records  three  fatal  cases  from  I'ru.ssels,  occurring  in 
children  of  4  months,  1  year,  and  8  nuinths.    All  presented  the  clinical  picture 
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of  meningitis.  In  one  there  also  existed  a  seconJarj'  broncho-pneumonia  with 
a  purulent  pleurisy  ;  in  a  second  there  was  a  similar  pneumonia  and  au 
empyema  of  the  left  maxillary  antrum ;  in  the  third  case  a  broncho-pneumonic 
condition  was  diagnosed  before  symptoms  of  meningitis  appeared,  and  there 
was  a  suppurative  arthritis  of  the  left  wrist.  In  the  first  case  alone  was 
a  post-mortem  obtained  ;  this  confirmed  the  diagnosis  formed  during  life,  and 
revealed  a  thick  purulent  exudate  over  the  brain  and  cord.  L'rom  the  lumbar 
fluid  taken  during  life  a  hfemophilic  influenza-like  organism  was  recovered. 
In  the  cerebro-spinal  fluid  of  the  other  two  cases  microscopic  examination 
revealed  a  small  bacillus,  often,  however,  occurring  in  filaments.  Culture  on 
rabbit  blood  agar  yielded  a  pure  culture  of  an  organism  identical  with  that 
obtained  from  the  first. 

]Mya  (1902  -")  records  three  similar  cases  in  children  whose  ages  were  8 
months,  1  year,  and  9  months.  Two  of  these  were  fatal,  while  one  recovered  with 
a  hemiplegia;  in  one  of  the  former  there  was  in  addition  a  suppuration  of  the 
right  shoulder-joint,  and  in  the  latter  a  suppurative  otitis  was  observed  in  the 
later  stage  of  the  disease.  These  cases  are  interesting  in  that  they  all  occurred 
within  short  intervals  of  each  other,  and  although  influenza  was  not  epidemic 
in  Florence  at  the  time  there  was  an  epidemic  of  measles  during  which  four 
cases  of  lung  afi'ection  were  observed  in  which  the  influenza  bacillus  was 
isolated  from  the  chest  lesions ;  moreover,  about  the  same  time  this  bacillus 
was  also  found  present  in  lung  lesions  observed  in  children  who  had  not 
suffered  from  measles. 

Peucker  (1901  -')  records  the  case  of  a  child  of  5  months  which  died  from 
pneumonia  and  meningitis.  The  diagnosis  was  verified  post-mortem,  there 
being  a  lobular  pneumonia,  with  bilateral  fibrinous  pleurisy,  purulent 
meningitis  with  encephalitis,  and  suppurative  otitis  media.  An  influenza-like 
bacillus  was  recovered  from  the  meningeal  exudate  along  with  a  few  sta]>hylo- 
cocci,  and  it  was  also  present  with  the  pneumococeus  in  the  lungs  and  in  the 
pus  from  the  middle  ear.  Peucker  considered  the  meningitis  secondary  to  the 
lung  condition  or  to  that  of  the  ear, — which,  could  not  be  determined. 
Influenza  was  not  prevalent  at  the  time. 

Hecht  (1903'-)  has  recorded,  in  a  child  of  2  years,  a  similar  case  of 
influenza  pneumonia  and  suppurative  meningitis  with  an  otitis,  which, 
however,  apparently  developed  later  than  the  other  conditions.  An  influenza- 
like bacillus  was  isolated  from  the  lumbar  fluid. 

Similar  cases  have  been  reported  by  Langer  (1901  ''')  in  a  child  of  9 
years,  Douglas  (1907  ")  in  a  child  of  10  months,  Haedke  (1897  ")  in  an  adult, 
and  by  Ghon  (1902  '")  in  a  child  of  8  months.  Probably  the  case  reported  by 
Milligan  (1908-9  '■')  was  of  the  same  kind. 

Dudgeon  and  Ailanis  (1907*^)  have  published  a  case  of  multiple  arthritis 
occurring  in  a  child  of  10  months,  with  a  terminal  meningitis  in  which  from  the 
elbow  joint,  hip  joint,  spleen  juice,  and  lumbal'  fluid  the  influenza  bacillus  was 
obtained.  There  was  no  history  of  any  illness  like  influenza  having  been 
suffered  from. 

Somewhat  similar  is  the  case  of  Slawyk  (1899-''),  where  in  a  boy  of  9 
months  old  death  resulted  from  a  pyemic  affection  of  one  wrist,  one  ankle,  and 
one  knee,  with  purulent  bronchitis  and  a  purulent  meningitis.  A  lia>mophilio 
influenza-like  bacillus  was  isolated  from  the  htmbar  puncture  fluid,  from  the 
pus  of  the  wrist  and  the  finger  blood,  while  in  the  ]nis  from  the  ankle  and  in 
the  lungs  microscopically  similar  bacilli  were  seen. 

The  cases  recorded  may  for  convenience  be  classed  in  two  grou[>s : 
finstly,  those  occurring  during  tlie  prevalence  of  epidemic  iniluenza,  and 
those  not  a])parently  connected  with  such  outbreaks.  Witli  regard  to 
the  former,  there  can  be  no  doubt  that  meningitis  does  occur  as  a  sequel 
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or  complication  of  tlie  disease,  and  if  Pfuhl's  cases  he  accepted  as  due 
to  the  influenza  bacillus  and  not  to  the  other  organisms  found  by  him, 
it  may  be  that  a  rather  special  type  of  meningitis  is  to  be  looked  for 
in  influenza  in  which  an  intensely  hypertemic  condition  associated  with 
areas  of  softening  in  the  brain  and  encephalitis  are  characteristic 
features.  Even  in  cases  occurring  during  an  epidemic,  however,  puru- 
lent meningitis  may  be  observed.  It  is  with  the  second  group  of  cases, 
which  are  of  a  more  sporadic  character,  that  we  are  chiefly  concerned. 
From  the  evidence  which  has  been  detailed  above  there  can  be  no 
doubt  that  from  time  to  time  there  have  occurred  in  Germany,  Austria, 
Italy,  Belgium,  and  Britain  cases  of  purulent  meningitis  in  which  the 
only  organism  present  has  been  a  bacillus  closely  related  to  that  of 
influenza.  In  a  majority  of  the  cases  the  brain  has  apparently  been 
the  internal  organ  primarily  affected,  though,  in  some,  lung  symptoms 
have  manifested  themselves  at  a  date  anterior  to  those  of  meningitis. 
Very  generally,  post-mortem  signs  of  lung  inflammation  or  of  purulent 
bronchitis  have  been  found.  There  are  three  specially  outstanding 
features  of  these  apparently  sporadic  cases :  firstly,  the  fact  that  this 
form  of  disease  chiefly  attacks  children  of  very  tender  years ;  out  of 
the  sixteen  cases  recorded  above  (including  those  of  the  author)  in 
which  the  age  has  been  given,  twelve  took  place  in  children  of  one 
year  or  under ;  secondly,  the  condition  is  extremely  fatal, — only  in  one 
case — one  of  those  recorded  by  Mya — has  recovery  been  noted ; 
thirdly,  in  several  cases  (Dudgeon  and  Adams,  Ghon,  Slawyk,  Cohen) 
the  brain  affection  has  been  part  of  a  pyiemic  process.  A  further 
point  of  note  is  the  frecpient  association  of  the  meningitis  with  sup- 
purative otitis  media  or  with  suppuration  of  the  frontal  sinuses  or  the 
maxillary  antrum.  The  significance  of  these  suppurations  is  difticidt 
to  estimate.  They  might  be  indicative  of  the  meninges  having  been 
affected  secondarily  to  an  ear  condition.  On  the  other  hand,  the 
occurrence  in  certain  cases  of  evidence  of  pyaemia  might  point  to  both 
the  otitis  and  the  meningitis  arising  from  some  common  source  else- 
where than  in  the  head.  In  certain  cases  the  ear  symptoms  have 
preceded  the  meningitis, — in  one  of  the  author's  cases  by  some 
months ;  in  others  the  otitis  has  developed  during  the  course  of  the 
meningeal  affection.  With  regard  to  the  latter  cases,  the  difficulties 
inhei'ent  in  the  recognition  of  the  earlier  signs  of  ear  inflammation  in 
a  young  child  sickening  for  a  more  serious  affection  may  be  borne  in 
mind,  and  in  this  connection  Hecht's  case  is  interesting,  as  in  it,  early 
in  the  illness,  the  presence  of  a  simple  otitis  was  detected  which  later 
developed  into  a  suppurative  condition.  The  only  cases  where  the 
naso-pharynx  and  accessory  parts  were  found  post-mortem  to  be  free 
of  disease  were  the  two  recorded  by  Cagnetto,  that  of  Ghon,  and 
perhaps  of  Langer.  In  connection  with  the  possibility  of  an  influenzal 
meningeal  infection  arising  througli  the  ear,  it  may  be  noted  that 
Kosscl  (1893  ^*),  in  lOS  post-mortems,  on  children  of  1  year  and  under 
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found  eighty-five  cases  of  middle  ear  disease,  and  in  half  of  these  an 
organism  which  was  looked  on  as  the  influenza  bacillus  was  present. 
Taking  into  account  all  the  available  facts,  a  provisional  opinion  may 
be  expressed  that  in  many  cases — perhaps  in  the  majority — the 
meningitis  resulted  from  a  spread  of  an  infective  condition  from  the 
naso-pharyux.  In  certain  cases,  however,  the  pathway  of  the  menin- 
geal infection  is  possiblj'  different.  The  occasional  occurrence  of 
signs  of  pneumonia  early  in  the  disease  may  indicate  that  the 
organisms  first  gained  entrance  to  the  lungs,  and  thence  found  their 
way  by  the  blood  stream  ;  as  bearing  on  the  possibility  of  this  taking 
place,  it  will  be  indicated  later  that  an  escape  of  influenza  bacilli  into 
the  circulation  is  probably  more  frequent  than  has  hitherto  been 
supposed. 

When  we  come  to  consider  whether  the  organism  isolated  from 
the  sporadic  type  of  meningitis  is  identical  with  the  organism  found 
in  ordinary  epidemic  influenza,  we  are  faced  with  a  question  of  great 
complexity.  In  the  first  place,  it  must  be  remembered,  with  regard 
to  tiie  influenza  bacillus,  that  we  are  dealing  with  an  organism  whose 
causal  relationship  to  the  disease  from  which  it  was  first  isolated  rests 
on  indirect  and  incomplete  evidence.  Secondly,  organisms  of  a  similar 
kind  have  been  obtained  from  conditions  of  the  respiratory  tract  which 
otherwise  did  not  present  clinically  the  typical  influenzal  syndrome ; 
further  similar  organisms  have  been  described  in  connection  with 
affections — especially  of  the  eye — which  by  themselves  have  been 
looked  on  as  specific  entities  unconnected  with  influenza.  The  former 
conditions  perhaps  present  tlie  least  difliculty,  as,  assuming  the  influenza 
bacilli  to  be  the  cause  of  influenza,  one  effect  of  the  recent  great 
epidemics  must  have  been  to  distribute  the  organism  very  widely  in 
the  world, — often  it  may  be  in  a  condition  of  altered  virulence  in 
which  it  is  only  capable  of  producing  modified  effects.  Taking  all  the 
facts  into  account,  however,  we  must  be  prepared  to  face  the  position 
that  the  influenza  bacillus  is  only  one  of  a  group  of  allied  organisms. 
The  differentiation  of  the  members  of  the  group  must  be  a  matter  of 
great  difliculty,  in  consequence  of  their  capacities  to  grow  under  sapro- 
phytic conditions  being  limited  and  of  the  somewliat  limited  power 
they  possess  of  originating  disease  in  animals.  We  must  therefore 
inquire  whetlier  we  are  at  present  justified  in  attempting  to  diffei'en- 
tiate  organisms,  isolated  from  dillcrent  sources,  from  one  another. 

The  influenza  bacillus,  as  originally  described  by  I'feiffer,  was 
characterised :  (1)  By  its  relations  to  the  lesions  of  tiie  disease ; 
(2)  by  its  cultural  and  morphological  ajiiioaranccs ;  and  (")  by  its 
pathogenic  elt'ects  in  animals. 

1.  With  regard  to  the  relations  to  the  disease  of  which  it  is 
supposed  to  Ije  the  cause,  Pfeiffer'.s  original  view  (f. 17.,  18913*')  was 
that  the  liacillus  gives  rise  to  a  catarrhal  ]>rocc.ss  in  the  respiratory 
tract ;  that  it  is  confined  in  its  habitat  to  the  free  surfaces  of  that 
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tract,  aud  that  it  gives  rise  to  constitutional  ettects  by  toxic  action. 
From  the  very  first,  controversy  arose  as  to  whether  an  escape  of  tlie 
organism  into  the  blood  ever  took  place.  In  this  connection  it  may 
be  pointed  out  that  in  his  original  work  Pfeiffer  used  comparatively 
small  amounts  of  blood  (10  to  20  drops)  for  his  investigations.  Other 
observers  (e.g.  Ghediui  1907^),  using  larger  amounts  (20  to  30  c.c), 
have  succeeded  in  demonstrating  the  organism  in  the  blood,  and  by 
similar  methods  also  in  the  spleen  juice.  Here  such  cases  as  those  of 
Pfuhl  (supra)  form  a  connecting  link  between  the  influenza  bacillus  as  a 
toxic  agent  and  as  an  originator  of  septicemic  pi'ocesses.  Pfuhl's  cases, 
as  has  been  noted,  occurred  during  influenza  epidemics,  and  in  them  the 
organism  was  found  in  the  inflammatory  lesions  in  the  central  nervous 
system.  The  observations  are  significant  even  when  it  is  granted  that 
other  organisms  appear  also  to  have  been  present. 

2.  The  classical  type  of  morphological  and  cultural  reactions 
presented  by  the  influenza  bacillus  has  already  been  described.  The 
question  has  been  raised  as  to  whether  there  exist  other  allied  forms, 
all  of  which  conform,  more  or  less,  to  the  type, — especially  in  being 
essentially  hajmophilic, — but  which  present  sufficient  differences  to 
justify  their  being  recognised  as  in  reality  merely  allied  species.  It 
is  beyond  the  scope  of  the  present  paper  to  consider  the  types 
isolated  from  apparently  distinct  clinical  entities  such  as  specific 
forms  of  conjunctivitis,  and  therefore  attention  will  be  alone  directed 
to  the  relationships  of  the  organisms  isolated  from  septicemic  and 
pyemic  conditions  such  as  meningitis.  From  this  narrower  stand- 
point interest  centres  chiefly  round  the  question  of  the  existence 
of  what  Pfeifier  ^  denominated  the  "  pseudo-influenza  bacillus."  This 
organism  was  isolated  by  Pfeiffer  from  the  lungs  of  three  cases  of 
pneumonia  occurring,  secondarily  to  diphtheria,  in  children  during  the 
waning  period  of  an  influenza  epidemic.  It  had  the  general  characters 
of  the  true  bacillus,  but  was  thicker  and — what  from  our  present 
standpoint  is  of  great  interest — showed  a  great  tendency  to  the 
formation  of  long  filaments.  According  to  Beck  (1903 -),  it  lias 
the  further  character  of  being  non-pathogenic  to  animals.  Here 
again,  however,  there  has  been  a  tendency  on  the  part  of  numerous 
observers  to  question  the  existence  of  diff"erences  between  the  true 
and  false  bacillus.  Thus  Albrecht  and  Ghon  (1901 '),  after  a  careful 
consideration  of  the  evidence,  conclude  that  in  cultures  the  true 
bacillus  not  only  shows  considerable  variations  in  thickness,  but  also 
may  develop  filamentous  forms  to  as  great  a  degree  as  maj'  be  observed 
in  the  alleged  pseudo-type.  The  general  conclusion  here  must  be 
that  cultural  and  morphological  methods  do  not  serve  for  the 
differentiation  of  strains  yielded  by  cases  of  influenza  from  strains 
derived  from  other,  and  especially  from  septicicniic,  cases. 

3.  When  we  consider  pathogenic  effects  in  animals  as  a  possible 
'  Loc.  cU. 
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means  of  differentiating  the  true  influenza  bacillus  from  allied  organisms, 
we  are  at  the  outset  met  with  difficulties.  On  the  one  hand,  the 
number  of  investigators  who  have  studied  the  pathogenic  properties 
of  strains  isolated  from  influenza  cases  is  relatively  small,  and  on  the 
other  not  only  do  the  effects  produced  by  organisms  coming  from  other 
disease  manifestations  differ,  but  the  same  strain  may,  at  different 
periods,  show  different  pathogenic  powers.  In  Pfeiffer's  original  papers 
the  position  is  taken  up  that  the  influenza  bacillus  is  only  pathogenic 
to  apes  and  rabbits,  the  paths  of  infection  used  by  him  having  been 
the  trachea  and  lungs  in  the  former  and  the  intravenous  method  in 
the  latter.  In  the  rabbit  the  fatal  effects  were  chiefly  attributed  to 
toxic  action,  as  dead  cultures  had  much  the  same  effects  as  living. 
Cantani  (1896  *),  however,  and  also  Delius  and  Kolle  (1897  ''),  brought 
forward  evidence,  based  on  the  effects  of  small  doses  of  virulent  cultures 
(derived  from  influenza  cases),  that  a  true  multiplication  of  the 
organism  occurred  in  rabbits.  Cantani  produced  purulent  pleurisy  by 
intraperitoneal  infection  and  abscess  formation  when  the  bacteria  were 
injected  subcutaneously.  In  both  researches  it  was  further  shown  that 
guinea-pigs  could  be  infected  and  suffered  from  purulent  or  sanguino- 
purulent peritonitis,  with  in  certain  cases  (Delius  and  Kolle)  evidence 
of  septicemia, — the  organisms  being  recovered  by  culture  from  the 
blood.  Thus  it  has  been  shown  that  strains  derived  from  influenza 
cases  are  pathogenic  to  apes,  rabbits,  and  guinea-pigs,  and  that  they 
are  capable  of  giving  rise  to  pyasmic  and  even  septica;mic  processes. 
Cantani  also  produced  meningitis  by  intracranial  injection  in  rabbits ; 
here  the  brain  was  hyperEemic,  often  presented  punctiform  hremorrliages, 
and  the  ventricles  contained  an  exudate,  sometimes  purulent.  Turning 
to  the  results  of  inoculation  of  influenza-like  bacilli  derived  from 
sources  other  than  ordinary  influenza,  we  have  a  number  of  observa- 
tions. Albrecht  and  Ghon,  working  with  a  ha-mophilic  organism 
isolated  from  a  case  of  sulicutaneous  phlegmon  which  died  witli  signs 
of  septiciemia,  found  it  pathogenic  for  rabbits,  but  not  for  guinea-pigs 
or  mice.  Several  experiments  have  been  made  with  organisms  isolated 
from  meningitis  cases.  Thus  the  organisms  from  two  of  Mya's  cases 
were  pathogenic  for  rabbits.  Cagnetto  also  found  tliat  rabbits  suc- 
cumbed with  septicivmia  and  peritonitis  to  the  intraperitoneal  injec- 
tion of  the  ventricular  exudate  from  one  of  his  cases,  but  subcutaneous, 
intravenou.s,  and  subdural  infection  failed,  as  likewise  did  the  inocula- 
tion of  guinea-pigs,  mice,  and  a  cat.  Cohen  found  the  organisms  from 
his  ca.se  to  he  pathogenic  for  rabbits  and  guinea-pigs,  in  botli  animals 
septicsemia  with  purulent  serous  iniiammations  being  observed.  In 
my  own  cases  I  found  the  organisms  pathogenic  for  guinea-pigs,  but 
not  for  ral)bits  and  mice,  and  witli  one  strain  a  fatal  illness  was 
originated  in  a  monkey.  Slawyk  in  his  rase  also  found  the  meningeal 
exudate  and  blood-bouillun  cultures  fitini  llio  same  to  be  pathogenic 
to  guinea-pigs. 
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The  type  of  pathological  changes  experimentally  originated  by 
organisms  derived  on  the  one  hand  from  influenza  causes,  and  on  the 
other  from  meningitic  or  pysemic  is  the  same.  There  either  occur 
inflammations  of  an  intensely  hypertemic  kind  with  a  tendency  to 
punctiform  hremorrhages,  or  inflammations  going  on  to  suppuration 
are  found.  Any  differences  observed  are  probably  explained  by 
differences  in  the  path  of  infection  or  by  diflerences  in  the  stage  in 
the  disease  at  which  the  animal  succumbs. 

The  general  conclusions  here  may  be  said  to  be:  (1)  That  even 
in  influenza  evidence  accumulates  that  the  organism  is  not  confined 
to  the  free  surfaces  of  the  respiratory  tract,  but  may  also  be  found  in 
the  blood  and  in  the  organs  of  the  bodj^ ;  (2)  cultural  methods  are 
insufficient  to  differentiate  influenza  bacilli  isolated  from  influenza 
cases  from  similar  bacilli  coming  from  other  disease  conditions;  (3) 
the  pathogenic  effects  produced  in  animals  by  strains  coming  from 
iufluenza  cases  and  those  from  other  sources  are  similar.  Perhaps,  in 
the  future,  information  as  to  the  existence  of  differences  may  come 
from  the  study  of  the  toxic  effects  of  different  strains  or  from  the  study 
of  their  serum  reactions. 

At  present  the  justification  for  saying  that  a  group  of  allied  forms 
exists  rests  on  the  fact  that  they  have  been  derived  from  clinical 
conditions  of  apparently  different  characters,  e.g.  influenza,  coujuuctiv- 
itis,  pysmia.  From  the  bacteriological  standpoint  there  is  not,  at 
present,  sufficient  evidence  for  the  organisms  being  differentiated  from 
one  another.  It  is  thus  obviously  impossible  to  dogmatise  as  to 
whether  the  organism  isolated  from  the  sporadic  cases  of  meningitis 
with  which  we  are  here  concerned  is  identical  with  the  organism 
occurring  in  the  respiratory  tract  in  influenza. 

In  the  meantime  it  is  sufficient  to  say  that  there  exists  a  group 
of  cases  which  ofteu  presents  pysemie  characters,  in  which  meningitis 
is  a  very  common  occurrence  and  in  which  the  only  organism  present 
is  a  hfemophilic  bacillus  having  the  characters  of  the  influenza  bacillus. 
These  cases  are  especially  common  in  children  under  two  years  of 
age  in  whom  the  disease  is  of  a  very  fatal  type.  Against  the  causal 
organism  here  being  the  true  influenza  bacillus  might  be  brought 
forward  the  statement,  frequently  made,  that  children  are  not  very 
susceptible  to  influenza  in  its  usual  form.  It  may,  however,  be  said 
that  this  supposed  insusceptibility  requires  further  investigation  before 
its  existence  can  be  admitted.  It  may  also  be  said  that,  apart  from 
the  occurrence  of  true  influenza  in  children,  further  investigation  is 
required  of  the  infections  of  the  naso-pharyux  both  in  children  and 
adults,  which  are  associated  with  the  presence  of  organisms  of  the 
influenza  type. 

The  causal  organism  in  cases  such  as  those  described  in  this  paper 
may  be  very  easily  overlooked.  In  the  first  place,  unless  it  is  present 
in  its  filamentous  form  it  may  be  missed  if  oi'diuary  staining  methods, 
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especially  the  Gram  method,  be  alone  applied.  The  organism  is-  so 
small  that  its  presence  does  not  obtrude  itself  on  the  observer's  notice. 
The  difficulty  here  will  often  be  got  over  if,  as  Pfuhl  recommends, 
films  of  pus  or  of  cerebro-spinal  exudate  be  stained  with  carbol-fuchsin, 
one  part  in  four  of  water,  the  staining  being  aided  by  gentle  heat  and 
applied  for  from  ten  minutes  to  a  quarter  of  an  hour.  Secondly,  the 
presence  of  the  bacillus  will  almost  certainly  be  overlooked  unless  the 
material  containing  it  be  inoculated  on  to  a  blood  medium,  preferably 
agar  smeared  with  pigeon,  rabbit,  or  human  blood.  If  this  method  of 
investigation  be  not  followed  it  is  easy  to  class  cases  of  this  type  of 
bacillary  meningitis  as  cases  of  meningococcal  meningitis  in  which  it 
has  been  impossible  to  isolate  the  meningococcus. 
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DESCRIPTION   OF   PLATE  XL. 


Fii;.  1. — Film  from  young  culture  from  Case  1,  showing  both  small  forms  and  the  occurrence 
of  filaments.     (Gram.)    (xlOOO.) 

Fig.  2. — Film  from  old  culture,  showing  beading  of  protoplasm  and  involution  forms. 
(Gram.)     (  x   1000.) 

Fig.  3. — Film  from  cerebro-spinal  fluid,  showing  long  filaments.     (Carbol-thionine-blue.) 
(X   1000.) 
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THE  PATHOLOGY  AND  ETIOLOGY  OF 
MONILETHRIX.  1 

By  R.  Cranston  Low,  M.B.,  F.R.C.P.E.,  Assistant  Physician  to  the 

SIcin  Department,  Eoyal  Infirmary,  Edinhurgh. 

From  the  Skin  Department  of  the  Eoyal  Infirmary  and  the  Laboratory  of  the 
Royal  College  of  Physicians,  Edinburgh. 

(Plates  VIII.  and  IX.). 

Monilethrix  is  a  condition  which  was  first  described  by  Walter  G. 
Smith  twenty-nine  years  ago,  and  since  then  only  about  forty  observers 
have  recorded  cases  of  the  disease,  and  only  four  of  these  observers 
have  examined  the  condition  histologically.  The  etiology  is  still 
doubtful,  and  it  was  with  the  view  of  trying  to  thi-ow  some  light  on  it 
that  the  following  investigation  was  undertaken.  I  am  indebted  to 
Dr.  Norman  Walker  for  kindly  allowing  me  to  put  these  cases  on 
record. 

Case. — R.  S.,  a  schoolgirl,  ret.  11,  was  seen  as  an  out-patient  at  the  Royal 
Infirmary  in  August  1907.  The  mother  stated  that  since  the  age  of  nine  months 
the  patient's  hair  had  never  grown  ])roperly.  On  looking  at  the  scalp  one  was 
at  once  struck  by  the  appearance  (Plate  VIII.  Fig.  1).  The  whole  scalp  was 
almost  bald  except  for  very  short  broken  oil"  and  twisted  hairs,  which  at  first 
sight  suggested  a  generalised  tinea  capitis.  Uut  on  looking  carefully  it  was 
seen  that  some  of  the  hairs  were  broken  oil  level  with  the  surface,  otliers  were 
twisted  and  bent  in  different  directions,  whilst  a  few  were  several  inches  long. 
The  long  hairs  were  few  in  number  and  looked  quite  normal.  The  .short 
broken  hairs  even  with  the  naked  eye  could  be  seen  to  have  a  definite 
nodular  appearance  presenting  alternate  thick  and  thin  areas.  The  scalp  was 
not  scaly,  and  more  or  less  all  over,  but  chiclly  posteriorly,  it  was  rough  like  a 
nutmeg-grater  owing  to  the  projection  of  the  hair  follicles.  These  follicidar 
projections  were  reddish  in  colour  and  surmounted  by  a  horny  mass  from  most 
of  which  stumjiy  nodular  hairs  jirojccted.  Tlie  scalp  alone  was  aflccted,  the 
eyebrows,  eyelashes,  and  body  hairs  being  quite  normal.  There  was  a  marked 
prominence  of  the  follicles  with  horny  pings  (keratosis  pilaris)  on  the  backs  of 
both  upper  arms.  The  .skin  was  otherwise  quite  healthy  and  the  nails  were 
well  formed.  The  family  history  elicited  was  very  remarkable,  the  childs 
grandfather,  father,  five  brothers  and  one  niece  all  being  affected  in  the  same 
way.  The  following  genealogical  table  shows  which  members  are  affected. 
'  Received  February  8,  1909. 
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Charles  S. 
Charles  S. 


Charles      Thomas      Robert 

William 

George 

1 
James 

Samuel 
1 

Mary      Martha      Rebecca 

1      (case  described) 

1                               1 
Rebecca                 Charles 

1             1             1              1 
Five  children  all  unaffected. 

Those  whose  names  are  in  italics  were  not  seen,  but  the  patient's  mother  said 
that  their  hair  was  exactly  like  the  patient's.  Those  whose  names  are  in 
italics  and  underlined  I  have  myself  examined  and  found  to  be  affected.  In 
all  the  cases  the  peculiarity  of  the  hair  had  been  noticed  soon  after  birth  and 
had  lasted  all  the  life. 

Hairs  from  the  tliree  cases  seen  were  examined  microscopically  in 
Canada  balsam  (Plate  VIII.  Fig.  3).  All  the  hairs  are  not  similarly 
affected.  Some  do  not  show  any  nodes  at  all  and  are  as  a  rule  less 
pigmented  than  are  the  nodose  hairs.  Others  look  perfectly  normal 
for  part  of  their  length,  and  then  show  one  or  more  constricted 
areas  at  irregular  or  regular  intervals.  Those  hairs  which  are  most 
affected  are  curved  and  show  a  quite  regularly  beaded  appearance. 
The  nodes  are  about  the  thickness  of  the  normal  hairs  and  show 
cuticle,  cortex,  and  pigmented  medulla.  The  medulla,  however,  is  not 
present  in  the  nodes  on  all  hairs.  The  interuodes  are  about  one- 
fourth  the  thickness  of  the  normal  hair  and  show  a  slightly  thickened 
cuticle  and  a  condensed  central  part  with  no  pigment,  and  are  evidently 
composed  of  the  cortical  substance  of  the  hair.  The  node  therefore 
is  to  be  regarded  as  the  normal  part  of  the  hair  and  the  intern  ode  the 
abnormality.  Many  of  the  hairs  show  a  partial  or  complete  fracture 
at  the  internodes.  Some  only  show  a  tearing  of  the  cuticle,  others  are 
broken  completely  across,  and  where  that  occurs  the  ends  are  usually 
frayed  out  in  a  brush-like  manner  (Plate  VIII.  Fig.  3,  d.)  as  in  triclior- 
rhexis  nodosa.  When  pulled  on,  the  hairs  always  break  at  an  inter- 
node,  never  through  a  node.  It  was  found  quite  impossible  to  remove 
the  hairs  by  the  root  as  they  always  broke  off  at  an  internode  somewhere 
near  the  outlet  of  the  follicle,  leaving  the  rest  of  the  hair  in  the 
folUcle.  No  trace  of  any  bacteria  or  fungus  was  found  on  any  of 
the  hairs. 

A  small  portion  of  the  scalp  from  the  back  of  the  head  just  above 
the  occipital  protuberauce  was  excised.  It  was  fixed  and  hardened  in 
alcohol,  embedded  in  paraffin,  cut  in  serial  sections  and  stained  iu 
various  ways. 

Owing  to  the  hair  follicles  not  running  iu  a  straight  direction 
only  one  follicle  was  cut  in  all  its  length  (Plate  IX.  Fig.  4).  This 
section  sliows  that  the  constrictions  are  present  iu  the  hairs  from  the 
very  beginning  of  their  growth.  In  Plate  IX.  Fig.  4  the  hair  bulb 
has  become  mechanically  displaced,  but  from  an  examination  of  that 
hair  and  those  seen  in  other  sections  (Plate  IX.  Figa.   5  and  6)  it  is 
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seen  that  starting  a  short  distance  above  the  bulb  there  are  nodes  and 
internodes  at  regular  intervals.  From  the  hair  bulb  to  the  surface 
there  are  from  four  to  five  nodes  inside  each  follicle.  All  the  nodes 
and  internodes  are  at  exactly  the  same  distance  from  the  bulbs.  The 
first  constriction  is  seen  whilst  the  hair  is  still  very  cellular,  and  in 
some  of  the  sections  shows  an  appearance  like  a  green-stick  fracture 
at  that  point  (Plate  IX.  Figs.  5,  6,  and  8).  The  hair  follicles  them- 
selves do  not  show  any  marked  abnormality.  Tlie  connective  tissue 
surrounding  the  follicle  shows  nothing  of  note.  The  layers  of  the 
external  and  internal  root  sheaths  are  all  well  developed.  The  outer 
border  of  the  external  root  sheath  is  quite  straight,  but  its  inner  border 
shows  a  slight  tortuosity  corresponding  to  the  thick  and  thin  parts  of 
the  hair.  There  is  no  evident  abnormal  proliferation  of  the  cells,  but 
opposite  the  constricted  part  of  the  hair  the  sheath  is  broader  owing  to 
the  cells  being  more  spread  out,  whereas  opposite  the  thick  part  of  the 
hair  the  cells  are  more  pressed  together.  The  inner  root  sheath  is  of 
normal  thickness  in  all  its  length  but  slightly  sinuous,  corresponding  to 
the  curves  in  the  outline  of  the  hair.  The  outer  layer  of  the  internal 
root  sheath  (Henle's  layer)  looks  quite  normal.  The  inner  layer  of  the 
internal  root  sheath  (Huxley's  layer)  is  composed  of  cells  with  large 
oval  nuclei,  and  clear  somewhat  hyaline-looking  masses  are  seen  with 
the  oil-immersion  lens  inside  the  cells.  These  layers  are  closely 
applied  to  the  hair  opposite  the  nodes,  but  at  the  internodes  there  is  a 
considerable  space  which  is  bridged  across  by  the  very  loosely  arranged 
cells  of  the  cuticle  of  the  root  sheath  and  hair  (Plate  IX.  Fig.  8). 

The  sebaceous  glands  are  conspicuously  few  in  number  and  very 
small.  The  majority  of  the  hair  follicles  have  no  sebaceous  glands 
associated  with  them.  Another  marked  feature  of  the  sections  is 
the  great  cellular  infiltration  around  the  blood  vessels  of  the  corium. 
This  infiltration  consists  of  small  mononucleated  cells  with  deeply 
stained  nucleus  and  scanty  protoplasm  and  sections  stained  with 
Unna's  polychrome  methyleue-blue  show  a  large  number  of  mast  cells 
(Plate  IX.  Fig.  9). 

Many  of  tlie  follicles  also  show  a  marked  widening  of  the  orifice, 
which  is  filled  with  a  horny  plug  (I'late  IX.  Fig.  7).  In  relation  to 
these  follicles  tliere  is  also  a  cellular  infiltration  similar  to  that  seen 
around  the  blood  vessels.  The  sweat  glands  are  fairly  well  developed. 
The  elastic  tissue  is  rather  poorly  developed.  In  sections  stained  by 
Pfei  tier's  method  with  carbol  fuchsin  no  organisms  were  found. 

As  .stated  at  the  outset  this  condition  was  first  di'scribed  by  Walter  G. 
Smith  in  IJritain  in  1879  and  in  the  .same  year  Luce  in  Paris  wrote  a  thesis 
on  the  subject.  The  terms  node  and  inleriiodo,  as  applied  to  the  appear- 
ance of  the  liairs,  although  convenient,  are  misleading  because,  as  has  been 
pointed  out  by  repealed  observers,  the  node  is  the  normal  part  of  the  liair  and 
the  constricted  part  the  abnormality.  Lessor  called  the  condition  ringed  hair 
and  aplasia  i)ili)riiin  intermittens  ;  but  the  latter  name  implies  a  theory  as  to 
its  causation,  and  the  former  is  apt  to  lead  to  confusion  with  the  other  condition 
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called  by  the  same  name  where  there  are  alternate  dark  and  light  rings  on  the 
hairs  without  anj'  alteration  in  the  diameter  of  the  hairs.  M'Call  Anderson's 
name  of  hereditary  trichorrhexis  nodosa  is  not  a  good  one,  as  the  trichorrhexis 
is  a  secondary  and  purely  accidental  phenomenon.  The  best  name  is  that 
given  to  the  condition  by  Crocker,  namely,  monilethrix,  as  it  describes  the  shape 
of  the  hairs  without  implying  any  theory. 

In  our  three  cases  the  scalp  alone  was  afi'ected,  as  is  the  rule,  but  in 
Smith's  (^^)  case  the  axillary  hairs  and  one  hair  in  the  pubic  region  were 
found  to  be  affected.  Payne  (3"),  Arndt  (■*),  and  Abraham  (')  report  cases 
where  the  eyebrows  and  lashes  and  Gilchrist  (-°)  and  Euggles  ('"')  cases  where 
the  hairs  in  patches  on  the  lower  limbs  were  similarly  altered. 

In  our  cases  the  disease  had  lasted  nearly  all  the  life,  beginning  in  each 
case  at  from  six  to  nine  months  of  age.  This  is  the  usual  time  of  commence- 
ment, the  child  being  born  with  apparently  normal  hair  which  falls  out  during 
the  tirst  year  of  life  and  never  grows  again  properly.  In  Smith's  (■•■*),  Unna's, 
Gilchrist's  {^^),  and  Francis's  (2-)  cases  the  condition  did  not  commence  till 
puberty.  In  Smith's  and  Gilchrist's  cases  no  reason  could  be  found,  but  in 
Unna's  case  mental  shock  (grief)  preceded  the  commencement.  In  Francis's 
case  the  hair  fell  out  during  the  second  year  of  life  and  grew  in  again 
white,  gradually  becoming  darker  in  colour  till  at  fifteen,  after  influenza,  the 
monileform  hairs  were  first  noted.  The  condition  once  established  has  never 
been  known  to  disappear  except  in  Gilchrist's  case,  where  the  patches  on  the 
limbs  disappeared  after  persisting  for  nine  years. 

Heredity  plays  an  important  role.  In  our  cases  nine  members  of  the 
family  were  aftected  in  four  generations.  Sabouraud  (■*i)  reports  seventeen 
cases  in  five  generations,  M'Call  Anderson  fourteen  cases  in  five  generations, 
and  Hallopeau  and  Lefevre  (-^)  five  cases  in  two  generations.  But  heredity 
does  not  seem  to  be  essential  as  Abrahams,  Fox,  Francis,  Gilchrist,  and 
Guszmann  (^*)  could  find  absolutely  no  family  historj'  of  the  disease  in  their 
cases. 

The  association  between  monilethrix  and  keratosis  (lichen)  pilaris  is  very 
close,  Torok  (■")  going  so  far  as  to  class  them  as  one  disease.  On  the  scalp 
nearly  all  the  recorded  cases  were  associated  with  a  hyperkeratosis  of  the 
follicles,  and  keratosis  pilaris  is  recorded  on  the  limbs  of  monilethrix  patients 
by  Bering  Q-^)  Besnier,  Brocq  {}^),  Tennessen  ('"'),  Hallopeau  and  Sabouraud, 
But  here  again  the  conditions  are  not  nece.ssarily  combined. 

In  only  four  cases  has  a  microscopical  examination  of  the  skin  been  made, 
namely,  by  Beatty  and  Scott  ("),  Bering  (^^),  Guszmann  (-■'),  and  Ciarocchi  (i^). 
In  none  of  these  cases  do  the  microscopic  findings  absolutely  agree  as  to  the 
changes  present.  All  are  agreed  that  the  monileform  condition  exists  from 
the  very  start  of  the  growth  of  the  hair.  Ciarocchi  founil  no  alterations  in 
the  hair  follicles  at  all.  Beatty  and  Scott  found  a  thickening  of  Huxley's 
layer  of  the  internal  root  sheath  opposite  the  constricted  parts  of  the  hairs. 
This  we  have  not  been  able  to  confirm,  for,  as  is  seen  in  Plate  IX.  Fig.  8, 
Huxley's  layer  is  not  any  thicker  opposite  the  constrictions  than  elsewhere. 
Bering  found  that  each  hair  was  cut  transversely  at  several  levels,  showing 
that  the  hair  was  twisted  up  inside  the  follicle.  Guszmann's  case  was  very 
thoroughly  examined,  both  vertical  and  horizontal  sections  being  cut.  He 
found  the  outer  root  sheath  at  its  inner  border,  as  in  our  case,  slightly  sinuous, 
corresponding  to  the  sinuosities  in  the  outline  of  the  hair,  but  the  layers  of 
the  inner  root  sheath  could  not  be  made  out  at  all,  being  fused  into  a  homo- 
geneous mass.  He  also  found  that  several  follicles  united  at  the  level  of  the 
sebaceous  gland  orifice,  so  that  as  many  as  five  hairs  projected  from  one 
follicle.     This  was  not  seen  in  any  of  our  sections. 

A  very  striking  point  is  the  regularity  with  which  all  the  constrictions 
occur  at  exactly  the  same  level  in  each  hair.  In  Plate  IX.  Figs.  5  and  6,  which 
are  from  two  different  follicles,  this  is  well  .seen.     Beatty  and  Scott  also  remark 
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on  this  formation  of  nodes  or  internodes  simultaneoiisly  all  over  the  scalp. 
Bering  found  in  his  horizontal  sections  that  where  he  saw  four  or  five  hairs 
together  in  one  follicle,  the  hairs  were  not  all  cut  at  areas  of  the  same  thickness. 
Therefore  he  concluded  that  all  the  nodes  or  internodes  were  not  formed 
synchronously.  But  that  appearance  can  be  explained  by  the  fact  that  all 
the  hair  bulbs  are  not  at  the  same  level  in  the  skin,  and  therefore  all  the 
constrictions  are  not  at  the  same  distance  from  the  surface  although  all  at  the 
same  distance  from  the  hair  bulbs. 

In  all  our  sections  the  sebaceous  glands  ai-e  very  few  in  number 
and  small  in  size.  This  is  also  in  accordance  with  the  findings  of 
Bering  and  Guszmann,  and  may  account  for  the  dry  horny  accumula- 
tions at  the  orifice  of  the  follicles  thus  preventing  the  free  exit  of  the 
hair.  The  poorly  developed  elastic  tissue  is  also  a  sign  of  an  atrophic 
state  of  the  skin.  The  marked  cellular  infiltration  around  the  blood 
vessels  is  of  the  nature  seen  in  mild  chronic  intiammatory  processes, 
and  would  seem  to  be  probably  secondary  and  possibly  due  to  the 
irritation  produced  by  the  obstruction  of  the  follicles.  At  any  rate  it 
does  not  seem  to  have  any  relation  to  the  growth  of  the  hairs  as  it 
does  not  occur  anywhere  near  the  hair  papilla?. 

Unfortunately  these  microscopic  findings  do  not  give  us  much 
assistance  as  to  the  causation  of  this  condition.  Numerous  theories 
have  been  brought  forward  to  e.xplain  it.  Heredity  plays  an  im- 
portant but,  as  has  been  seen,  not  essential  part.  The  association 
with  keratosis  pilaris,  which  is  looked  upon  by  Brocq  and  others  as 
a  localised  manifestation  of  ichthyosis,  also  points  in  this  direction. 
Payne  blamed  Eickets  in  his  case.  Francis's  case  had  gland  and  lung 
tuberculosis,  and  in  this  connection  it  is  noteworthy  that  one  of  our 
cases  (William  S.)  had  a  patch  of  lupus  vulgaris  on  the  back  of  his 
neck. 

The  three  chief  theories  may  be  summarised  as  (1)  the  parasitic, 
(2)  the  mechanical,  and  (3)  the  tropho-neurotic. 

The  parasitic  theory  has  practically  nothing  to  support  it.  The 
nodes  on  the  hairs  in  trichorrhe.Kis  nodosa  are  admittedly  duo  to  the 
action  of  a  bacterium,  and  in  piedra  and  lepothri.x  to  the  accumulation 
of  bacteria  and  fungi  respectively,  but  in  monilethrix  no  one  has  ever 
found  any  signs  of  bacteria  or  fungi  either  on  or  in  the  hairs  or  in  tl\e 
follicles. 

The  mechanical  theory  has  been  brought  forwarti  by  several 
persons.  Bonnet  (")  found,  on  examining  microscopically  the  skin 
of  horses  during  the  casting  of  their  coat,  the  young  hairs  coiled  up 
upon  themselves  and  sliowiug  spindle-like  thickenings  here  and  tiiere. 
These  he  explained  as  due  to  ii  constriction  at  the  level  of  the 
sebaceous  gland  around  which  are  numerous  elastic  and  longitudinal 
and  circular  muscle  fibres.  The.se  by  their  contraction  cause  a  narrow- 
ing of  the  fiilliclo,  and  the  soft  growing  hair  lias  ditliculty  in  getting 
past  this  constriction  and  accumulates  as  a  spindle-shajied  mass  below. 
Tliis  mass  wiieu  it  reaches  a  certain  size  is  pushed  up  ^wst  the  narrow 
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area  till  it  slips  through,  and,  ouce  through,  the  hair  grows  for  a  time  as 
a  very  thin  hair  which  readily  becomes  coiled  up  upon  itself.  Then 
the  constriction  by  contraction  of  the  muscle  fibres  becomes  too  great 
and  another  spindle  is  formed,  and  so  on.  In  the  case  of  monilethrix, 
however,  the  conditions  ai-e  not  similar.  There  is  no  constricted 
area  of  the  follicle  through  which  the  hair  must  pass.  There  is  no 
muscular  tissue  and  only  poorly  developed  elastic  tissue  around  the 
areas  where  the  constrictions  are  produced.  Bering  and  others  have 
tried  to  explain  it  by  the  presence  of  the  keratosis  pilaris  at  the 
orifice  blocking  the  outlet  and  causing  the  hair,  which  is  being  pushed 
up  from  below,  to  form  spindles.  Bering  put  -a  thin  cylinder  of  wax 
in  a  glass  syringe  and  packed  it  fairly  well  round  with  sand  to  prevent 
bending,  heated  the  syringe  in  a  water-bath  till  the  wax  was  pliable, 
and  then  pushed  the  jjiston  of  the  syringe  slowly  in  and  found  that 
the  wax  on  cooling  showed  regular  spindles.  I  have  repeated  this 
experiment,  but  failed  to  get  the  same  results.  The  wax  coiled  up  upon 
itself  but  never  showed  the  least  tendency  to  form  spindles.  An 
exactly  similar  coiling  up  of  the  hair,  as  is  well  known,  occurs  in 
keratosis  pilaris,  where  the  coiled-up  hair  lies  in  and  just  below  the 
horny  plug  at  the  orifice  of  the  follicle.  To  the  keratosis  of  the 
follicle  in  monilethrix  I  attribute  the  coiling  up  of  the  hairs  as 
reported  by  Archambault  (^)  and  others.  Therefore  the  mechanical 
obstruction  at  the  outlet,  while  explaining  the  coiling  up,  does  not 
explain  the  spindle  formation. 

The  tropho-neurotic  theory  is  the  one  which  seems,  so  far  as  our 
present  knowledge  goes,  to  be  the  most  feasible.  The  alternate  thick 
and  thin  part  of  the  hair  can  be  explained  by  assuming  an  alternate 
normal  and  abnormal  activity  of  the  cells  of  the  hair  bulb.  This  is 
the  view  expressed  by  Walter  Smith,  Virchow,  IMorris,  and  others. 
Why  the  cells  should  not  proliferate  regularly  is  difficult  to  explain. 
Thin  (*^)  puts  it  down  to  some  congenital  defect  in  their  structure,  but 
microscopically  they  look  like  the  cells  of  normal  hair  bulbs.  Uuua 
locates  the  fault  in  the  cells  which  produce  the  medullary  part  of 
the  hair,  and  thinks  that  they  proliferate  at  regular  intervals  only. 
When  they  proliferate  a  normally  formed  part  of  hair  with  a  medullary 
canal  is  produced,  but  when  they  cease  to  proliferate  for  a  time  a 
piece  of  hair  is  formed  with  only  a  cortex  and  no  medulla,  and  this 
cortex  becomes  compi'essed  together  to  form  the  constricted  parts  of 
the  hair.  He  also  suggests  that  some  vasomotor  change  at  regular 
intervals  in  the  hair  papilla  might  account  for  the  intermittent  growth. 
Reatt)'  and  Scott,  Sabouraud  and  Breda  ("")  think  the  intermittent 
growth  is  due  to  some  abnormal  nerve  control  of  the  hair  bulb  itself. 
In  favour  of  this  nervous  theory  are  the  facts  that  in  Unua's  case 
the  condition  began  after  a  mental  sliock  and  in  Breda's  case,  an 
epileptic,  the  formation  of  moniliform  hairs  coincided  with  the  occur- 
rence of  fits.     Behrend  suggested  that  tlie  thick  parts  of  the  hairs 
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were  the  growth  during  the  day,  and  the  constrictions  the  growth 
during  the  night.  Ciarocchi  found  by  shaving  the  head  and  watching 
the  growth  that  a  spindle  and  a  constriction  were  formed  in  each 
twenty-four  hours.  It  may  be  that  the  loss  of  nerve  control  during 
sleep  is  sufficient  to  cause  a  temporary  cessation  or  diminished 
activity  of  growth  in  the  cells  of  the  hair  bulb. 

As  no  treatment  hitherto  tried  has  been  known  to  inlluence  the 
condition,  X-rays  were  appUed  to  a  patch  above  the  left  ear  for 
fifteen  minutes  at  a  distance  of  about  six  inches  from  the  tube.  The 
hair  came  out  almost  completely  after  three  weeks  and  there  was  a 
marked  disappearance  of  the  keratosis  pilaris  over  that  area  and  an 
increase  in  the  number  of  normal  hairs  (Plate  VIII.  Fig.  2).  Later 
the  whole  scalp  was  X-rayed  and  now  there  seem  to  be  more  normal 
hairs  than  formerly,  although  the  great  majority  of  the  hairs  do  not  seem 
to  have  been  affected.  The  static  breeze  was  applied  seven  times  at 
intervals  of  three  days  to  the  top  of  the  scalp,  but  without  result. 

With  a  view  to  try  to  alter  the  circulation  in  the  hair  papilla  a 
Clapp's  cup  was  applied  to  an  area  near  the  crown  for  half  an 
hour  daily  for  nine  days,  but  no  alteration  was  produced  in  the  growth 
of  the  hairs. 
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DESCRIPTION  OF  PLATKS  VIII.  AND  I.\. 

Plate  VIII. 

Fill.   1. — riiotogra])h  of  scalp  before  treatment,  showing  baliine!«  and   proniinpnce   of 

follicles. 

Kio.  2. — Photograph  of  scalp  four  weeks  after  X-rays,   showing  round  area  above  and  in 
front  of  left  car  where  keratotic  plugs  in  hair  follicles  have  disappeared. 

Flo.  3. — a,h,c,d — Hairs  from  cases.     (xlOO. ) 
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Plate  IX. 

Fig.  4. — Section  stained  with  hsematoxyliii  and  eosin,  showing  raoniliform  hair  in  follicle, 
absence  of  sebaceous  gland,  and  presence  of  cellular  infiltration  around  blood 
vessels,     (x  30.) 

Figs.  5  and  6. — Sections  of  hair  follicles  stained  by  hsematoxylin  and  eosin,  showing  con- 
striction a  short  distance  above  bulb.     (  x  70.) 

Fig.  7. — Section  of  mouth  of  follicle  stained  by  bsmatoxylin  and  eosin,  sliowing 
keratotic  plug  in  orifice  and  cellular  infiltration  around,     (x  70.) 

Fig.   8. — High-power  view  of  constriction  seen  in  Fig.  6.     (x    600.) 

Fig.  9. — Section  stained  by  polychrome  nietliylene-blue,  showing  cellular  infiltration 
around  blood  vessels  and  numerous  mast  cells  stained  red.     (x  600.) 
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ANAPHYLAXIS  IX  THE  RABBIT ;  THE  MECHANISM 
OF  THE  SYMPTOMS.' 

By  W.  M.  Scott,  JI.D.,  Carnnjie  Ecscarch  Scholar. 
From  the  Labvralortj  of  the  Royal  College  of  Physicians  of  Edinhur'jh. 

(Plates  VII.-XI.) 

ixtroductoky. 

In  a  preliiniuapy  communication  (an  abstract  of  which  appeared  in 
this  Journal '),  it  was  shown  that  there  were  great  differences  in  the 
severity  of  the  symptoms  exhibited  by  rabbits  "  sensitised "  by  a 
previous  injection  of  foreign  serum  on  re-injection  with  the  same. 
Those  differences  corresponded  with  differences  in  the  amount  of  pre- 
cipitin produced  in  response  to  the  first  injection.  With  abundant 
precipitin  the  symptoms  were  severe  and  the  result  often  fatal ;  with 
precipitin  less  marked  the  symptoms  were  mild  and  were  followed  by 
l)erfect  recovery.  During  the  anaphylactic  illness  it  was  shown  that  a 
diminution  of  the  animal's  serum-complement  occurs,  i.e.  a  larger  dose 
of  the  fresh  serum  is  required  than  before  to  dissolve  tiie  same  com- 
Ijination  of  washed  blood  corpuscles  and  hemolytic  immune  body. 

The  present  paper  discusses  tlic  mechanism  of  tlie  symptoms  in 
the  rabbit. 

I.  Conditions  of  Production  of  the  Anaphylactic  Illness. 

The  illness  referred  to  i.s  that  following  innuediately  upon  intra- 
venous injection ;  the  phenomena  obtained  by  other  routes  of 
adn^inistration — subcutaneous,  intraperitoneal,  or  intracerebral — are  not 
included,  nor  are  such  late  eti'ects  as  death  after  twenty-four  hours. 

Tliis  immediate  iUness  is  remarkably  uniform  and  does  not  vary  with  the 
different  proteins,  but  has  been  produced  in  my  experiments  witli  substances  of 
such  diverse  origin  as  serum  (equine,  bovine,  and  Inunan),  milk,  foreign  blood 
corpuscles  (human  and  bovine),  bacteria,  and  the  vegetable  protein  of  the  rice 

'  Received  July  7,  1910.  Part  of  a.  thesis  for  the  degree  of  M.D.  of  the  University  of 
Edinburgli. 
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seed.  These  substances  may  be  given  to  fresh  rabbits  in  relatively  large 
amounts,  i.e.  there  is  little  original  toxicity.  The  fir.'Jt  or  preparatory  injection 
may  be  either  subcutaneous,  intraperitoneal,  or  intravenous ;  the  latter  seems 
to  give  the  best  results. 

The  dose  of  protein  should  correspond  to  about  5  c.c.  of  blood  serum  per 
kilo  body  weight ;  larger  doses  are  certainly  of  no  advantage.  The  low  limit 
of  dose  for  producing  the  sensitive  condition  probably  lies  about  1  c.c. 

It  is  important  to  note  that  the  minute  dose  which  it  is  essential  to  use  in 
sensiti-sing  guinea-pigs  towards  foreign  serum  has  no  efiect  in  the  rabbit.  Of 
six  fresh  rabbits  which  received  each  0'05  c.c.  horse  serum  intravenously,  not 
one  showed  symptoms  on  a  .subsequent  injection. 

The  repeated  administration  of  rabbit  serum  to  rabbits  fails  to  produce  any 
but  slight  and  doubtful  disturbance.  An  interval  of  ten  days  must  elapse 
from  the  first  injection  for  the  sensitive  condition  to  develop  ;  it  then  remains 
of  the  same  degree  for  other  ten  day.s,  thereafter  rapidly  diminishing.  This  is 
again  in  contrast  to  the  guinea-pig,  which  remains  highly  sensitive  for  prolonged 
periods. 

An  intravenous  dose,  in  the  case  of  serum  say  3  c.c.  in  such  a  prepared 
animal  is  followed  by  the  symptoms  to  be  described.  Should  the  animal 
recover,  repetition  of  the  .same  or  a  much  larger  dose  produces  not  the  least 
disturbance.  The  condition  of  " anti-anaphylaxis "  or  "refractoriness"  has 
appeared.  This  persists  for  three  or  four  days  ;  on  the  fifth  day  the  sensitive 
condition  reappears,  to  be  in  full  force  on  the  seventh.  There  is  an  acceler- 
ation thus  in  the  rate  at  which  the  scnsitisation  occurs  after  the  second  and 
subsequent  doses  as  compared  with  the  fii'st. 


Table  I. 


Description. 

Time  since 
last  Injection. 

Precipitin. 

Dose  Serum. 

Symptom. 

(1)  Russian,  9  ;  2600 
grms. 

11  days. 

Strong. 

3    c.c. 

Severe :  death  in 
four  minutes. 

(2)  Dutch,    ?  ;    1550 

11      ., 

Tr.-ice. 

3.i   „ 

None. 

gims. 

(3)  White,   <J  ;    1720 
grms. 

10      ,, 

Strong. 

2.1   „ 

Severe:  recovered 
in  lifty  minutes. 

(4)  Russian,  9  ;  1670 
grms. 

10      ,. 

Very  weak. 

2|  „ 

Slight:  recovered 
in  ten  minutes. 

(5)  Dutch,  9  ;   same 
individual  as  No.  2. 

18      ,. 

Very  weak. 

1     •• 

Doubtful. 

(6)  Wliitc,  i  ;    same 
individual  as  No.  3. 

20     ,, 

Strong. 

24   „ 

Severe:  recovered 
in  one  hour. 

(7)  Russian,  9  ;  same 
individual  as  No.  -1. 

•-'0      „ 

Very  weak. 

J     .. 

Slight:  recovered 
in  six  minutes. 

(8)  Grey     Lop,     i  ; 
2800  grms. 

20      ,, 

Weak. 

•1     ,. 

Moderate  :  ro- 
covered  in  fif- 
teen minutes. 

(9)  Grey     Lop,      i  : 
same  u.s  No.  8. 

8      .. 

Strong. 

3     „ 

Severe :    died   in 
seven  minutes. 

(10)  Black,  9. 

12      ,, 

Mndoratc. 

3     >. 

Severe :  recovcnnl 
in       twenty 
minutes. 
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Passive  transference  of  the  sensitive  condition  can  be  effected.  A  dose  of 
5  or  10  CO.  of  the  serum  of  a  sensitive  rabbit  immediately  confers  on  a  fresh 
rabbit  the  capacity  to  react  with  the  typical  symptoms  on  injection  with  the 
appropriate  protein.  As  a  rule,  however,  the  symptoms  are  distinctly  milder ; 
they  are  certainly  more  transient.  These  conditions  are  markedly  different 
from  the  case  of  the  guinea-pig  where  the  serum  of  the  sensitive  guinea-pig 
must  be  given  at  least  twenty-four  hours  before  the  assaulting  dose.  In  the 
rabbit  this  procedure  produces  symptoms  much  less  definite  than  when  the 
two  injections  are  given  practically  simultaneously. 

There  are  very  marked  variations  in  the  degree  to  which  individual  rabbits 
can  be  sensitised,  i.e.  in  the  degree  of  severity  of  the  symptoms  that  may  be 
induced  by  a  second  or  subsequent  intravenous  injection.  Of  thirty  rabbits 
prepared  iu  much  the  same  way,  five  succumbed  to  a  second  dose  of  from  2  to 
5  c.c.  of  the  foreign  serum,  other  six  died  acutely  as  a  result  of  subsequent 
similar  doses  ;  the  remainder,  though  some  were  frequently  rendered  severely 
ill,  never  developed  a  fatal  degree  of  susceptibility.  Among  these  also,  the 
severity  of  the  symptoms  on  injection  varied  on  different  occasions  in  the  same 
rabbit.  The  reason  for  the  different  aptitude  for  sensitisation  in  different 
rabbits  is  not  known.  ^Neither  age,  sex,  race,  nor  feeding  could  be  observed 
to  have  any  relation  to  it.  It  goes,  however,  hand  in  hand,  as  has  been 
mentioned,  with  the  degree  to  which,  in  serum  anaphylaxis,  the  animal 
develops  precipitin.  Table  I.  illustrates  this ;  it  represents  the  clinical 
behaviour,  along  with  the  degree  of  precipitin  present  at  the  moment  of 
anaphylactic  assault  and  the  history,  in  the  case  of  ten  experiments  taken 
simply  in  the  order  found  in  the  course  of  my  notes.  The  method  of  precipitin 
estimation  employed  will  be  described  later. 


11.  The  Symptoms  Obsekved  in  Anaphylactic  Eabbits. 

In  a  rabbit  with  strong  precipitin  in  its  serum  the  intravenous 
injection  of  3  c.c.  of  the  appropriate  foreign  serum  sets  up  the 
following  symptoms. 

Within  fifteen  seconds  of  starting  the  injection — in  fact,  usually  before  it 
is  completed — there  is  a  well-marked  blush  of  the  ears,  the  veins  swelling  up 
and  even  pulsating  ;  this  lasts  for  a  period  of  from  a  second  or  two  to  about  a 
minute,  and  is  associated  with  alteration  in  the  rhythm  of  the  breathing, — 
little  pauses  and  shortened  breaths.  Frequently  at  this  stage  there  is  some 
restlessness,  the  animal  pricks  up  its  ears  and  hops  about.  Following  sharply 
on  this  fleeting  hypersemia  comes  pronounced  ana-mia  of  the  ear,  the  veins 
collapse,  the  ear  becomes  cold,  and  strong  heat  and  friction  fail  to  produce  the 
normal  reaction  of  congestion  ;  at  this  stage  it  is  impossible  to  bleed  ;  the  ear 
vein  cut  across  yields  not  a  drop  of  blood,  and  even  the  technique  of  bleeding 
with  an  incandescent  electric  bulb  to  induce  continuous  congestion  fails 
entirely. 

Along  with  this  there  is  marked  jianting  respiration,  differing  from  the 
normal  panting  of  the  rabbit  by  its  greater  vigour  and  depth  ;  the  heart  beats 
more  rapidly  ami  feebly,  becoming  almost  imjiossible  to  count.  The  animal 
is  restless,  seeking  apparently  a  comfortable  attitude  and  holding  its  head  high 
with  an  anxious  expression. 

At  the  second  or  third  minute  muscular  weakness  appears  ;  the  animal 
lies  prostrate  with  legs  stretcheil  out  and  head  resting  on  the  floor;  the 
liicathing  is  heaving  and  laboured,  the  heart  beat  rapid  and  feeble;  no  notice 
is  taken  of  sounds  and  vigor<ius  disturbance  ;  shaking  and  flicking  elicits  little 
01'  no  response  ;  the  eyes  are  half  shut,  and  the  expres.sion  is  one  of  deep 
sleep.     The  abdomen  at  this  period  presents  a  striking  appearance ;  it  is  large 
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and  full,  but  the  heaving  movements  of  the  diaphragm  and  chest  transmit 
little  or  no  excursion  to  it  ;  the  outlines  of  the  stomach  and  caecum  show 
through,  and  loose  folds  of  the  flaccid  muscular  wall  seem  to  flow  out  from  the 
side  of  the  prostrate  rabbit.  The  skeletal  muscles  generally  have  lost  tone  : 
the  spine  bends,  and  the  limbs  hang  limply  when  the  body  i;<  lifted.  Faecal 
matter  is  discharged,  first  solid,  then  loose  and  liquid  ;  if  the  bladder  happens 
to  be  full,  urine  is  also  discharged. 

It  is  still  practically  impossible  to  get  blood  from  the  ear  ;  any  drop  that 
may  be  expressed  is  very  dark  and  tarry,  and  coagulates  slowly. 

In  five  to  ten  minutes  this  stage  of  depression  reaches  a  maximum,  and 
rapid  death  may  occur.  Lying  on  its  side,  the  rabbit  begins  to  kick  con- 
vulsively ;  the  breathing  ceases,  to  be  replaced  by  loud  intermittent  gasps  ;  tlie 
head  is  thrown  back,  with  nostrils  wide  and  eyeballs  protruding.  There  may 
be  two  or  three  of  these  convulsive  seizures  at  intervals  of  a  few  seconds,  with 
severe  spasms  of  the  back  muscles  and  gasping  or  screaming  attempts  at 
respiration ;  then  the  respiration  ceases,  the  corneal  reflex  di.'^appears,  the 
animal  is  dead.  The  heart  u.sually  continues  to  beat  for  several  minutes,  then 
gradually  slows  and  stops.  In  non-fatal  cases  all  degrees  of  severity  may  be 
observed,  from  those  where  the  only  evidence  of  disturbance  may  be  a  transient 
panting  and  local  anaemia  of  the  ears,  with  complete  recovery  in  five  to  ten 
minutes,  to  those  where  for  thirty  minutes  the  animal  is  in  a  state  of  deep 
coma,  recovering  in  the  cour.se  of  the  following  two  hours. 

The  condition  in  human  nosology  which  most  nearly  resembles  the 
anaphylactic  illness  is  that  of  surgical  -shock ;  there  is  as  in  this  a  low  blood 
pressure  with  stagnation  in  the  portal  area  on  which  adrenalin  has  little  effect ; 
there  is  extreme  muscular  weakness,  shallow  breathing,  and  a  condition 
approaching  unconsciousness ;  recover^',  as  in  shock,  may  be  rapid  and 
complete. 


III.  TiiK  Mf.iiiaxis.m  of  tiik  Sy.mptoms. 

In  a  kymograY)li  tracing  of  an  animal  subjected  to  auapliylactic 
assault  with  a  moderate  amount  of  preciiiition  in  its  serum,  i.e.  an  animal 
likely  to  have  iiad  clinically  mild  symptoms,  a  fall  of  arterial  blood 
pressure  commences  within  half  a  minute  of  starting  the  injection.  It 
progresses  by  slow  degrees,  reaching  its  lowest  point  in  from  seven  to 
fifteen  minutes.  Tliereafter  it  slowly  rises,  and  during  the  succeeding 
ten  minutes  very  nearly  reaches  its  original  level.  (Plates  VU 1.  and  IX. 
Figs.  7,  8,  9,  and  10.) 

In  a  severe  or  fatal  case  the  maximum  depression  is  reached  more  rapidly. 
In  three  or  four  minutes  the  blood  ])res,'<\iro  may  fall  from  100  to  30  mm.  of 
mercury.  The  pulse  waves  arc  more  rapid,  hut  smaller  in  size.  The  respira- 
tion is  marketlly  accelerateil,  and  the  excursions  of  the  chest  wall  greater.  The 
fatal  i.s.sue  is  signalled  by  the  suildin  stop  of  the  res|)iration — usually  from 
four  to  ten  minutes  from  the  start. 

The  blood  pressure  rises  slightly  (probably  an  asphyxial  rise),  then  falls  to 
base  level  in  the  cour,'<e  of  three  to  four  minutes,  the  heart  continuing  to  beat 
steadily  long  after  the  respiration  has  ceased.  Spasmodii'  respiratory  movp- 
nicnts  occasionally  n])])ear  at  this  stage  without  niuel>  ellect  on  tlie  blood 
pressure  curve.     (Plates  IX.,  X.,  and  XI.  Figs.  11,  12,  13,  14,  15.) 

The  iinmediatc  explan.ition  of  tlic  symi)toms,  tlio  jirostration,  and 
muscular    paresis    is    a]iparciil  :    the   ])nifouiid    fall    of    blood    pre.ssurc 
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accounts  for   all.      The  respiratory  arrest  probal)ly  demands  another 
explanation  ;  to  it  the  agonal  convulsions  are  to  be  ascribed. 

IV.  The  Cause  of  the  F.vll  of  Blood  Phessure. 

The  mechanism  of  the  fall  of  blood  pre.ssure  is  less  obvious. 
Paralysis  of  the  muscular  wall  of  the  arterioles,  as  in  nitrite  poisoning, 
produces  a  profound  fall  of  pi-essure.  In  the  tracing,  however,  the 
waves  of  the  heart  heat  tend  to  increase  in  size  as  the  pressure  falls, 
while  the  whole  effect  can  be  antagonised  by  adrenalin.  But  in  the 
anaphylactic  depression  the  curve  resembles  more  that  obtained  when 
an  animal  is  rapidly  exsanguined.  The  heart  waves  become  smaller  as 
tiie  pressure  falls,  and  adrenalin  produces  merely  an  evanescent  rise  of 
pressure  without  ameliorating  tlie  symptoms. 

Eurther,  a  striking  point  in  the  symptomatology  is  the  swelling  of 
the  abdomen  which  persists  throughout  the  illness.  This,  as  is  seen 
post-mortem,  is  due  to  an  intense  engorgement  of  the  portal  system  of 
vessels. 

Arteriole  paralysis  alone  cannot  account  for  this  condition ;  such  a 
paralysis  would,  if  the  total  volume  of  the  capillary  channels  remained 
appro-\imately  luialtered,  rather  tend  to  relieve  portal  stagnation  by 
transmitting  unchecked  the  wave  of  increased  pressure  from  the  heart 
beat  so  as  to  aid  the  venous  flow.  In  nitrite  poisoning,  capillary 
distension  in  the  abdomen  is  relatively  mild,  producing,  in  spite  of 
the  arteriole  paralysis,  no  such  intense  portal  congestion  as  in  the 
anaphylactic  rabbit. 

These  differences  can  only  be  explained  by  supposing  in 
anaphylaxis  some  intense  dilating  action  on  the  capillary  vessels  them- 
selves, as  a  result  of  which  the  systemic  circulation  is  rapidly  depleted 
into  the  portal,  and  reduced  to  the  same  condition  as  after  a  severe 
iKi'uiorrhage. 

Such  an  intense  dilating  action  can  be  produced  either  («)  by  a 
sudden  mechanical  obstruction  to  the  blood  flow  in  tlie  inferior  vena 
cava  in  the  thorax,  as  has  been  shown  by  Bolton  (1909''),  i.e.  by  a 
])assive  distension  by  backward  pressure ;  or  (It)  by  primary  dilatation 
of  the  capillary  vessels  themselves. 

I'aialysis  of  the  capillaries  as  an  independent  possibility  has  had  little  atten- 
liiiii  paiil  to  it  by  pharmacologists,  although  Roy  and  Graham  ]5rown  (1879*) 
sliowed  that  the  oapillarios  of  the  frog  posses.?cd  an  inilcpeiuk'iit  contractility, 
ami  that  their  lumen  was  not  all'ected  by  variations  of  the  blood  pressure 
within  wide  limits.  Jlore  recently  the  same  has  been  sliown  by  Steinacli  and 
Ivahn  (1901?  '")  in  the  maunual, — a  variation  in  the  diameter  of  the  capillaries 
iiuleixMiileiit  of  blood  pressure  and  directly  presided  over  by  tlie  sympathetic 
system. 

There  are  again  two  possibilities :  the  widespread  relaxation  of  tiio 
tonus  of  the  capillary  vessels  may  be  the  result  of  sympathetic  nerve 
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activity  (or  its  removal),  or  it  may  be  due  to  direct  injury  to  the 
endothelial  cells  which  build  them  up. 

V.  Histological  Appearances. 
The  histological  appearances  are  of  importance  iu  this  connection. 

In  the  organs  of  the  splanchnic  area  the  general  congestion  wliich  is 
apparent  naked-eye,  not  only  in  those  dying  after  respiratory  arrest,  but  in 
those  bled  to  death  during  the  height  uf  the  symptoms,  is  shown  micro.scopi- 
cahy  by  an  intense  capillary  engorgement  with  minute  haemorrhages.  In 
the  intestinal  villi  in  particular  the  capillaries  are  represented  by  large  blood 
spaces  with  a  lining  of  thinned-out  endothelium  ;  the  submucous  tissue  shows 
distended  venules  with  here  and  there  rupture  and  extravasation.  (Plate  YII. 
Figs.  1  and  2.)  Such  capillary  haemorrhages,  it  is  to  be  noted,  do  not  appear 
in  nitrite  poisoning. 

The  intralobular  capillaries  of  the  liver  are  dilated  and  full  of  blood ;  both 
the  central  veins  of  the  lobules  and  the  twigs  of  the  portal  vein  in  the  portal 
spaces  are  similarly  distended.  The  omentum,  spleen,  and  pancreas  are 
equally  congested  ;  the  stomach  often  shows  but  slight  changes.  The  lungs 
retract  normally  on  opening  the  thorax,  and  are  rather  pale ;  microscopically 
there  is  a  characteristic  thickening  of  the  interalveolar  septa ;  the  capillaries 
are  compressed,  and  the  contained  blood  corpuscles  seem  to  be  peculiarly 
adherent  to  the  walls. 

Some  alveoli  contain  a  little  serous  exudate ;  there  is  no  emphysema  as  in 
the  guinea-pig,  and  never  a  general  oedema.  The  lung  condition,  however, 
certainly  suggests  a  very  early  stage  of  an  acute  oedema.  (Plate  VIT.  Figs.  3,  4, 
5,  and  6.) 

YI.  Blood  Changes. 

The  blood  changes  next  require  attention.  During  the  ana- 
phylactic illness,  as  has  been  said,  tiie  l)lo(nl  i.s  very  dark  in  colour  and 
slow  to  coagulate. 

{A)  Bclajjcd  Coagulation. 

Instead  of  furnishing  a  thread  of  fibrin  (McGowan's  capillary  tube  method) 
in  six  or  .seven  minutes  as  before  injection,  the  blood  sets  to  a  jelly  only  after 
ten  to  fifteen  minutes ;  the  formation  of  a  fibrin  thread  is  usually  very 
indefitntc.  The  striking  change  is  that  the  serum  almost  always  fails  in 
separate  spontaneously  although  the  clot  is  linn.  The  ])benomenon  novii 
approaches  the  marked  condition  of  the  peptone  plasma  in  the  dog,  where  the 
blood  remains  fiuid  for  days.  The  abnormal  factor  would  seem  to  be  primarily 
a  loss  of  the  juoperty  of  retraction  rather  than  a  marked  deficiency  in  librin 
ferment  or  librinogen. 

(j^)  Lcucopenia. 

From  10,000,  say,  the  leucocytes  fall  ])ractically  immediately  to  3000  or 
4000  jier  cm.  Dilferential  counts  show  that  it  is  chietly  the  polymorphs  that 
have  disappeared  ;  those  remaining  are  almost  all  mononuclear,  and  dis])lay  a 
markecl  tendency  to  clump.  The  leucopcnin,  however,  is  tiie  least  uniform 
of  the  blood  changes.  Occasionally  no  fall  in  the  count  appears.  (The 
cnm|)lement  is  none  the  le.ss  diminished  in  the.<o  ca.ses,  whicli  negatives  a 
cau.sal  coniu-ction  of  tlie  leucopenia  for  the  latter.) 
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(C)  Precipitin. 

Tlie  precipitin,  it  is  important  to  note  (in  serum  anaphylaxis),  completely 
disappears.  (It  reappears,  in  animals  which  recover,  in  three  to  four  daj's,  its 
reappearance  coinciding  with  the  regaining  of  susceptibility.) 

{D)  Destruction  of  Complement. 

The  complement  is  found  to  be  markedly  weaker  than  before  injection. 
The  minimum  hsemolytic  dose  before,  havuig  laeen,  saj',  0'15  c.c.,  is  now  0'7  to 
0'8  c.c,  or  the  serum  may  possess  practically  no  hsemolytic  power  whatever. 
In  the  slighter  degrees  of  illness  the  complement  is  proportionally  less  afiected. 
As  the  animal  recovers  the  complement  strength  returns  to  its  former  height— 
usually  within  one  or  two  hours,  even  after  severe  symptoms. 

{E)    The  Reactions  of  Natural  Immunity. 

It  is  of  interest  to  note  that  it  is  not  merely  the  hsemolytic  property  of  the 
serum,  unimportant  under  natural  conditions,  but  the  defensive  bacteriolytic 
also  that  is  affected.  The  fresh  serum  obtained  before  the  anaphylactic  illness 
is  capable  of  sterilising  itself  at  37°  C.  after  the  addition  of  as  many  as  100,000 
living  vibrios  per  c.c. ;  the  serum  obtained  during  the  illness  is  rapidly  over- 
grown with  the  vibrios  after  so  small  an  addition  as  some  tens  of  vibrios  only 
per  c.c,  i.e.  fails  to  protect  itself  again.st  the  slightest  invasion.  (The  method 
employed  for  these  results  was  that  of  Wright  (1905 'i),  which  is  peculiarly 
suitable  for  comparative  tests  with  fresh  serum.) 

The  opsonic  jiroperty  is  similarly  thrown  out  of  action  under  those  con- 
ditions. Both  for  tubercle  bacilli  and  for  staphylococci  the  opsonm  almost 
disappears.  The  count  per  cell  may  drop  from  10  with  the  serum  before 
injection  to  0'5  after.  The  mean  of  twenty  diti'erent  experiments,  in  mo.st  of 
which  the  illness  was  relatively  slight,  gives  a  figure  of  6'7  per  cell  before 
injection,  1'9  after  injection.  The  effect  of  such  changes  on  the  resistance  to 
infection  can  hardly  be  questioned. 

Ill  Table  II.  representative  examples  of  the  blood  changes  which 
occur  during  the  anaphylactic  illness  are  put  together. 

Table  II. 


IVriod.       ,  I'liriiiitiii. 


Immediately 
Ijofore  in- 
j  i;  c  t  i  0 II  : 
teu  days 
.since     last 


l''ivo  minutes 
.after  injec- 
tion. 


Two  lionrs  ' 
after  iujco-  i 
tiou. 


Strong. 


Coagulation 
Time. 


Fibrin 

thread  at 

six  minutes. 


Jelly  forma- 
tion alioiit 

liftoen 
minute.s. 

Fibrin 

thread  at 

si.x  minutes. 


Leuco- 
cytes. 


10,000 
per  cm. 


3,000 
per  cm. 


12,000 
per  cm. 


H.iemolytic 
Comple- 


0-15  c.c. 
=  M.C.D. 


0-6  c.c. 
=  M.C.D. 


0-1.5  c.c. 
=  M.C.D. 


Bacteriolytic      ^ 

Powe/  Opsonm. 


120  vibrios 
per  cm. 


6  "5  bacteria 

per 
polymorph. 


2'0  bacteria 

per 
polymorph. 
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Methods. 

(«)  The  precipitin  estimation  was  conducted  in  capillary  tubes  of  3  mm. 
diameter  drawn  to  a  point  at  the  closed  end.  Antigen,  e.;/.  horse  serum,  was 
diluted  with  0'85  per  cent,  saline  to  six  ditierent  .strengths — 1  :  10,  1  :  100, 
1  :  500,  1  :  1000,  1  :  5000,  1  :  10,000.  Of  each  of  these  0-2  c.c.  was  tilled  into 
capillary  tubes  \v'ith  a  fine  pipette,  beginning  with  dilution  1  :  10,000.  AVitli 
a  fresh  pipette  0"2  c.c.  of  the  rabbit  serum  to  be  tested  was  then  allowed  to 
run  down  the  side  of  each,  displacing  the  diluted  antigen  and  giving  a  zone  of 
mixture  of  about  2  mm.  In  this  zone  turbidity  appears  and  flocculation  in 
proportion  to  the  amount  of  precipitin  present.  (This  procedure  is  better  than 
the  usual  layering  method  for  comparative  tests  between  two  sera.)  From 
the  height  of  the  dilution  still  producing  turbidity,  and  from  the  degree  of 
turbidity  and  amount  of  deposit  in  twenty-four  hours,  the  sera  were  classed 
as  "very  strong,"  ".strong,"  "moderate,"  "weak,"  "very  weak,"  or  "trace 
precipitin."  In  practice  no  more  accurate  method  is  available ;  accurate 
measurement  of  the  precipitate  as  in  Nuttall's  method  would  necessitate  first 
working  out  for  each  serum  the  optimum  dilution  for  precipitation — this  varies 
considerably  in  dift'erent  sera — before  correct  comparisons  as  to  the  amount  of 
precipitablo  antibody  could  be  instituted. 

{h)  The  complement  estimation  was  conducted  in  small  test  tubes  of  about 
4  c.c.  capacity  carefully  cleaned  before  use.  The  fresh  serum  to  be  tested  was 
first  added  in  decreasing  amounts,  then  two  minimum  hicmolytic  doses  of 
rabbit  "  I.E.  "  v.  ox  corpuscles  ;  then  saline  to  bring  the  contents  to  1  c.c.  in  all 
the  tubes,  after  which  1  c.c.  of  a  1  per  cent,  suspension  of  freshly  washed — 
not  more  than  two  days  old — ox  blood  corpuscles  was  rapidly  mixed  with  each, 
and  the  whole  put  at  37°  C.  The  degree  of  lysis  was  read  after  half  an  hour, 
after  two  hours  (in  the  incubator),  then  after  twenty  hours  at  room 
temperature. 


VII.  The  Coxnection  with  thk  Sy.mi'.xthetic  System. 

What  connection  is  there  between  these  blood  changes  and  Ibc 
general  disturbance  ? 

Phenonema  remarkably  resembling  these  are  seen  on  section  of  tlic 
abdominal  sympathetic  nerve  trunks.  Kiichel  and  Spitta  (1903'')  cut  tl;c 
splanchnics  in  rabbits  and  found  a  profound  fall  of  blood  pressure,  jjortal 
congestion,  immediate  leucopenia,  and  delayed  blood  coagulation — in  a  word, 
some  of  the  canlinal  ])henomeiia  of  the  anaphylactic  syndrome.  The  inter- 
dependence of  these  peculiar  changes  has  been  explained  thus.  The  loss  of 
the  nervous  imptilses  produces  a  widespread  loss  of  tone  in  the  vascular  tissue 
formerly  sup|)lieil,  both  arterioles  and  capillaries  ;  in  consequence  a  pronounced 
stagnation  of  blood  results.  The  systemic  circulation  is  rapidly  dopletid 
into  the  |)ortal,  and  the  blood  pressure  falls;  the  leucocytes,  in  parlicuhn 
the  more  responsive  polymorphs,  settle  quickly  out  of  the  slowly  circuhitiiii: 
blood — especially  perhaps  in  the  liver — leaving  the  sy.'steraic  circulation 
relatively  poor.  The  weak  retracting  power  of  a  blood  clot  poor  in  leucocytes 
is  a  well-known  observation. 

An  explanation  such   as   this  may  luive  siune   beariiij,'  on   certain 
of    the    blood    changes    of    the    anapliylactic    syndrome.     It    is   in 
evidence,    however,    tiiat     there     actually     is     distiu-bance     of    tin 
sympatlictic  nervous  system  as  a  result  of  the  anai)liylactic  as.-^auli 
It  is  difficult  to  suppose,  besides,  that  the  sympathetic  alone  of  Ih^ 
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iiei'vous  system  should  be  so  profoimdly  affected.  lu  one  of  uiy 
kymograph  experiments,  where  the  abdomen  was  opened  and  a 
mai'ked  fall  of  blood  pressure  produced  by  handling  the  intestine,  i.e. 
by  sympathetic  shock,  the  injection  of  the  assaulting  dose  neverthe- 
less produced  an  equally  definite  further  fall,  indicating  at  least  a 
more  pow^erful  action  on  the  part  of  the  latter  than  sympathetic 
shock  alone  was  capable  of  producing. 


YIII.    IXJUKV    TO    THE    CaPILLAKY    ENDOTHELIUM. 

By  a  jirocess  of  exclusion  thus  we  are  forced  to  postulate  an 
injury  to  the  capillary  walls  themselves  for  the  production  of  the 
anaphylactic  effects. 

Objective  evidence  of  this  is  not  easy  to  furnish.  Histological 
methods  of  greater  delicacy  than  have  hitherto  been  applied  are 
required  to  bring  to  the  q\q  such  changes  in  the  cells  concerned, — 
which  cannot,  after  all,  considering  the  rapidity  of  recovery,  be  of  a 
gross  character.  The  prevalence  of  capillary  htemorrhages  is  of 
course  suggestive. 

Consideration  of  the  effects  of  subcutaneous  injection  of  the 
iis,saulting  dose  (Arthus  and  Breton,  1903 ')  tends  in  the  same 
ilirection.  Here  no  general  disturbance  occurs,  the  whole  violence 
Nt'  the  reaction  being  spent  at  the  site  of  inoculation,  and  producing 
:i  widespread  acute  hemorrhagic  oedema — the  phenomenon  of  Ai-thus. 
The  probability  is  apparent  that  the  same  process,  occurring  within 
the  circulating  blood,  should  profoundly  affect  in  a  similar  manner  the 
ireneral  vascular  endothelium — the  cells  in  most  direct  proximity. 

Direct  injury  to  the  capillary  endothelium  as  the  exiilanation  for  the 
])liariiuicological  action  of  certain  poisons  has  been  stronglj-  maintained  by 
Houbner  (1907").  A  group  of  substances  chemically  widely  different  exists, 
characterised  by  a  typical  syndrome  on  intravenous  injection.  Among  these 
are  tartar  emetic,  double  salts  of  iron,  nickel,  gold  and  platinum,  and  the 
alkaloid  emetine. 

In  the  ral)bit  this  common  syndrome  consists  in  a  rapid  fall  of  blood 
pressure  and  portal  congestion  of  intense  degree  with  capillary  hspmorrhages, 
death  residting  by  respiratory  arrest,  the  heart  continuing  to  beat  for  some 
time.  Delayed  1)lood  coagulation  and  leucopenia  are  strongly  marked.  The 
points  of  sinularity  to  the  anaphylactic  illness  are  apparent. 

IX.  TiiK  Lung  Coxditiox. 

T'ho  cause  of  the  sudden  respiratory  arrest  is  still  to  be  explained. 
The  supposition  that  the  low  blood  pressure,  causing  a  profound 
aiuemia  of  the  respiratory  centre,  is  responsible,  is  rendered  improliable 
by  the  fact  that,  artificial  respiration  after  the  breathing  has  ceased 
does  not  prolong  life ;  the  heart  stops  beating  with  marked  engorge- 
ment of  the  right  chambers  in  spite  of  it.     The  manner  of  the  death, 
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too,  with  gasping,  convulsive  attempts  at  respiration,  suggests  strongly 
that  it  is  of  a  suffocative  character. 

There  is  no  evidence,  however,  in  the  rahhit  of  the  Inouchiole 
spasm  with  acute  emphysema  which  causes  tlie  rapid  anaphylactic 
death  in  the  guinea-pig  (Auer  and  Lewis,  1 9 1 0  -).  The  histological 
appearance  described  rather  indicates  a  commencing  oedema  of  the 
lung,  insufficient  to  produce  mechanical  respiratory  arrest.  Further 
investigation  of  this  point  is  necessary. 

X.  The  Cause  of  Anaphylaxis. 

What  modification  has  taken  place  in  the  economy  of  the  animal 
to  lead  to  behaviour  so  vastly  diffei'ent  from  the  normal  ?  The  fact 
of  passive  transference  of  the  sensitive  condition  by  means  of  the 
serum  fixes  attention  on  this  as  containing  the  responsible  factor. 
Further,  the  remarkable  correspondence  already  described  between 
the  precipitin  content  of  the  serum  and  the  severity  of  the  symptoms 
at  once  suggests  that  the  presence  of  this,  and  not  of  any  other 
hypothetical  anaphylactic  antibody,  is  the  new  factor  to  wliicli  is 
due  the  difference  between  the  normal  and  tlie  sensitive  animal. 
Strong  proof  of  this  has  been  furnished  by  Doerr  and  Euss  (1910  *). 
These  observers,  employing  the  normal  guinea-pig  as  test  animal, 
estimated  the  power  of  different  samples  of  sensitive  rabbit's  serum 
to  produce  passive  anaphylaxis,  and  worked  out  the  minimum  dose 
of  this  that — plus  a  standard  dose  of  antigen — still  produced  death. 
The  precipitin  strength  of  the  sera  was  found  in  exact  proportion  to 
their  lethality.  Further,  tlie  precipitate  itself  obtained  in  vitro  by 
separation  from  a  mixture  of  precipitin  rabbit  serum  and  antigen  is 
definitely  toxic,  as  shown  by  the  same  authors.^  The  disappearance 
of  the  precipitin  from  the  serum  after  the  illness  and  the  "  refractory  " 
condition  during  its  absence  are  also  jioints  of  presumptive  evidence. 

l[ow  the  interaction  of  precipitin  and  antigen  acts  so  as  to 
produce  the  morbid  changes  described  is  still  a  matter  for  speculation. 

The  conditions  in  the  anaphylaxis  to  foreign  blood  corpu.scles  are 
little  clearer ;  here  the  lucmolytic  innnune  body  is  precisely  in  the 
position  of  the  precipitin  in  serum  anajihylaxis. 

FiieilciiKinn  (1909'')  has  reprodiicod  the  anaphylactic  iUnes.s  by  inixiii^' 
hseniolytic  imimuie  body,  frc.<;h  coiiiplcmput,  and  wnslipd  lilood  corpuscles  iti 
vitro,  removing  the  latter,  before  ly.'jis  is  advanced,  with  the  conlrifu^'e,  and 
injecting  intravenously  the  supernatant,  now  toxic,  Huid.  This,  then,  would 
represent  the  true  poison,  i.e.  an  curly  ])roduct  of  cylolysis,  which  is  of 
course  a  jiroccss  niucli  more  ra|)id  and  complete  in  the  treated,  "immunised" 
animal  than  in  the  normal.  Friedemann  describes  a  f.iU  of  complement  in 
the  cyto-!mai>hylactic  animal  which  I  can  confirm  and  which  completes  the 
similarity  to  the  serum  anaphylaxis.  Friedberger  (1910'')  hns  recently  published 
an  important  experiment  in  imitation  of  that  of  Friedemann  above  mentioned. 
'  Loc.  cit. 
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lie  has  been  able  to  extract,  by  means  of  fresh  guinea-pig  serum  ("com- 
plement "),  a  toxic  substance  from  the  precipitate  of  rabbit  precipitin  plus 
antigen,  with  which  in  guinea-pigs  the  typical  anaphylactic  death  can  be 
produced.  This  "  anaphylotoxin  "  cannot  be  extracted  by  normal  saline,  but 
requires  the  complement.  This  substance  it  is  which  is  the  final  stage  in 
the  interaction  of  antigen  and  antibody  in  the  circulation,  and  to  which 
alone  the  disturbances  are  due. 

XI.  The  Significance  of  the  Fall  of  Complement. 

Friedberger  (1910''),  on  the  strength  of  the  experiment  just 
quoted,  considers  that  the  antigeu-precipitin  combination  is  merely  a 
potentially  toxic  substance,  requiring  for  the  liberation  of  the  actual 
toxin,  the  "  anaphylotoxin,"  the  intervention  of  the  complement. 
Thus  is  to  be  explained  the  diminution  in  complement  in  the 
anaphylactic  illness ;  it  has  been  used  up  in  the  preparation  of  the 
"  anaphylotoxin."  Further  proof  of  this  is  found  in  the  fact  that  a 
preparatory  injection  of  hypertonic  sodium-chloride  solution  prevents 
in  the  guinea-pig  the  production  of  the  illness  by  serum  precipitin. 
This  procedure  in  vitro,  i.e..  the  addition  of  strong  sodium-chloride 
solution,  is  known  to  inactivate  complement ;  the  liberation  of  toxin, 
according  to  Friedberger,  is  thus  prevented. 

These  experiments,  however,  are  capable  of  quite  different  inter- 
pretations, and  the  theory,  in  my  opinion,  is  not  so  well  founded  as 
to  bear  the  far-reaching  conclusions  that  have  been  based  upon  it. 
Experiments  on  these  points  are  in  progress.  The  possibility  cannot 
be  lightly  dismissed  that  the  change  in  the  physico-chemical  condition 
of  the  blood  which  makes  itself  apparent  as  a  weakening  of  com- 
plement may  be  itself  the  agent  in  the  "  toxic  action." 

XII.    DiSTUKBANCE    OF    METABOLISM. 

The  rectal  temperature  after  an  anaphylactic  illness  of  definite 
severity  is  subnormal.  The  average  fall,  excluding  cases  where 
recovery  was  complete  in  fifteen  minutes,  is  between  1°  and  3°  F. 
There  is  no  such  prolonged  hypothermia  as  occurs  so  typically  in  the 
guinea-pig;  the  tcniporaturo  in  the  ral)liit  regains  the  original  level 
rapidly. 

To  be  correlated  witii  this  behaviour  is  that  of  the  respiratory 
exchange. 

Mdhod. 

The  experiments  on  this  point  were  conducted  with  an  api)aratus  con- 
structed by  Dr.  T.  S.  M'lntosh,  the  descrii)tion  of  which  is  shortly  to  bo 
published.  It  consists  of  a  gla.ss  respiratory  chamber  through  which  air  is 
drawn  at  a  measured  rate.  Samples  of  the  outgoing  air  are  taken  at  a 
uniform  rate  over  a  definite  period, — usually  about  40  c.c.  of  breathed  air  was 
collected  during  thirty  minutes, —  the  ventilation  being  at  the  rate  of  about 
150  litres  per  hour.  The  samples  are  analysed  in  Haldane's  gas  analysis 
apparatus.     With  this  apparatus,  after  applying  certain  needful  corrections, 
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concordant   results   are   obtained,   and    it   presents   Jistiuut   conveniences 
compared  with  tlie  weighing  method. 

Table  III. 


Piriod  respired 
Air  collected. 

Ter  Kilo,  per  Hour. 

Descriiition. 

Symptoms. 

CO.  exhaled. 

Oxygen 
absorl)ed. 

(1)  Black,   $  ;    young, 
900    grins.,    fa,sting 
20  liours.     Passively 
sensitised  :    9  e.c. 
strong  jirecipitin 
serum  v.  horse  intra- 
venous. 

1  hour  afterwards  5  c.r. 
horse    serum    intra- 
venous. 

No  syjiptoms. 

Marked  prostra- 
tion :  recovered 
in  10  minutes. 

J-J  hour  after 
injection. 

J-IJ  hour  after 
injection. 

990  C.C. 

642  c.c. 

(  =  35p.c. 

fall). 

1106  c.c. 
940  c.c. 

(2)  Black,   9  ;    young, 
950     grms.,     fasting 
20    hours    (control), 
y  c.c.  normal  rahliit 
seram  intravenous. 

1    hour    after    5    c.o. 
horse    serum    intra- 
venous. 

No  symptoms. 
No  syniptoni.s. 

J-1  hour  after 
injection. 

^-1  hour  after 
injection. 

1092  c.c. 

1008  c.e. 
(fall  neglig- 
ible). 

1107  c.c. 
1093  c.c. 

Table  IV. 


Description. 

Precipitin  .ind 
Symptoms. 

Period  respired 
Air  collected. 

Per  Kilo. 
COo  exhaled. 

per  Hour. 

Oxygen 
absorbed. 

(1)  Grey,     <J   ;      1370 
grms.,     fasting      21 
hours. 

Received   2  c.c.   horse 
seruui  intravenous. 

4  hours  after  received 
5  c.c.    horse    serum 
intravenous. 

(2)  Russian,  6  ;    23(*u 
ci'ms.,     fasting     20 

,      hours. 

Received   2   c.c.    horse 
serum  iutravonous. 

Moderate 
precipitin. 

Considerable 
prostration. 

Recovered  ; 
somewhat 
languid. 

No  symptoms, 
"  refractory." 

i  hour  before 
injection. 

\-l  hour  after 
injection. 

2J-3  hours  after 
injection. 

i  hotir  after 

"  refractory  " 

injection. 

753  c.c. 

575  c.e. 

559  c.c. 
(  =  26  p.  c. 
reduction). 

701  C.C. 

72G  c.e. 

702  c.c. 

(  =  negligible 
tiH). 

823  c.c. 

672  e... 
687  c.c.      \ 

905  c.c. 

sul  c.c.       , 
755  C.C. 

\ery  weak 
precipitin. 

Very  slight 
symiilonis. 

4  hour  before 
ittjection. 

i-1  hour  after 
iujuctiou. 
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111  Tabic  III.  the  effects  on  respiratory  exchange  of  a  passively  iiiduceii 
anaphylactic  shock  are  to  be  seen  along  with  the  control.  Tlie  carbon  dioxide 
production  has  fallen  35  per  cent.  (The  error  of  experiment  was  found  to 
work  out  about  5  per  cent.)  In  Table  IV.  the  effects  of  a  moderately  severe 
"  active "  anaphylaxis  are  expressed ;  with  the  negative  results  where  the 
symptoms  were  slight.  In  seven  experiments,  in  most  of  which  the  symptoms 
were  relatively  mild,  the  diminution  in  CO^  excretion  averaged  25  per  cent. 

Whether  this  disturbance  is  dependent  on  the  lung  condition  described  or 
on  some  general  interference  with  tissue  metabolism  is  not  settled. 

In  conclusion,  I  must  express  my  deep  indebtedness  to  Dr.  Eitchie, 
Superintendent  of  the  Eoyal  College  of  Physicians  Laboratory,  for 
continued  help  and  invaluable  counsel  during  the  progress  of  the 
work. 
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DESCRIPTION  OF  PLATES  VII. -XI. 
Plate  VII. 
Fio.   1.— Small  intestine  of  anaphylactic  rabbit  killed  by  5  c.c.  human  tcniin,  intravenous  ; 
intense  congestion  of  capillaries  in  the  nnicous  membrane.     (  x  200.) 

Fig.  2.— Small  intestine  of  anaphylactic  rabbit  killed  by  5  c.e.  horso  scrum,  intravenous  ; 
villus  occupied  by  a  large  blood  .space,  distended  capillary  or  venule. 
{x-200.) 

Fig.  3. — Lung  of  normal  rabbit ;  general  arrangement  with  thin-walled  alveoli.     (  x  50. ) 

Fig.  4. — The  same  ;  narrow  alveolar  septa.     (x200.) 

Fig.  5. — Lung  of  anaphylactic  rabbit  (the  animal  of  Fig.  2)  ;  appearance  suggesting 
collapse.     (xoO.) 

Fid.  6. — The  same;  thickening  of  alveolar  septa,  with  crnmpling  and  encroachment  on 
the  air  spaces.     (  x  200.) 

Pi.vrr.  VIII. 

Fig.  7.  —  Kymogivipli  tracing  of  anaphylactic  illness  of  moderate  severity:  Uretlmne 
amesthcsia  (3  grms.  subcutaneously),  rabbit  2100  grms.  (its  serum  contained 
a  motlerate  amount  of  precipitin  v.  ox  serum). 
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Carotid    blood    pressure     before    injection  =  92    mm.    mercury;    half  a 

minute  after  =  8i  mm. 
Respiration   before   injection  =  7S   per   minute;    half  a  minute  after=S4 

per  mm. 

Fig.  8. — Continuation  of  above  :  five  to  six  minutes  after  injection. 
Carotid  blood  pressure=68  mm.  mercury. 
Respiration  =  76  per  minute. 

Plate  IX. 

Fig.  9. — Continuation  :  twelve  minutes  after  injection. 

Carotid  l)lood  pressure  =  44  mm.  mercury. 
Respiration  =  70  per  minute. 

Fig.  10. — Continuation  of  above  :  twenty  minutes  after  injection. 
Carotid  blood  pressure  =  72  mm.  mercury. 
Respiration  =  65  per  minute  (gradual  recovery). 

Fig.  11. — Kymograph  tracing  of  fatal  anaphylactic  illness.  Rabbit  2300  grms.  with  strong 
precipitin  serum  r.  horse,  urethane  antesthesia  ;  3A  grms.  subcutaneou.sly. 
(Abdomen  opeued  and  intestine  handled  before  ti-acing  commenced  ;  some 
degree  of  shock  present,  with  blood  pressure  lower  than  normal.)  Respira- 
tion tracing  with  chest  tambour. 

Carotid  blood  pressure  before  injection  =  72  mm.  mercury. 

Respiration  before  injection  =  64  per  minute. 

Plate  X. 

Fig.  12. — Direct  continuation  of  Fig.  11. 

Carotid  blood  pressure  at  end  of  injection  =  46  nnn.  mercury. 

Respiration  at    end  of  injection  =  114   per   minute   (  =  50    seconds    from 

commencing  injection). 
Rapid  fall  of  blood  pressure,  with  increased  rate  of  respiration. 

Fig.   13. — Direct  continuation  of  Fig.  12  =  half  a  minute  after  injection. 

Resiiiration  suddenly  stops :    carotid  blood    pressure  rises    to   74   mm. 

mercury. 
One  and  a  half  minutes   after  injection  gasping  attempts  at  respiration 
occur  ;  blood  pressure  fallen  to  U~i  mm.  mercury. 

Plate  XI. 

Fk;.   14.— Direct  continuation  of  Fig.  13. 

Gasping  respiratory  movements  continue,  one  every  three  seconds. 
At  two  minutes  after  injection,  carotid  blood  pressure  =  56  mm.  mercury. 
At  two  and  a  half  minutes  after  injection  carotid  blood  pressuic  =  3C  nmi. 
mercury. 

Fig.  15. — Direct  continuation  of  Fig.  II. 

Blood  ]iressure  falls  slowly. 

At  three  minutes  after  injection  carotid  blood  iircssHre  =  22  mm.  mercury. 

At  three  and  a  half  minutes  after  injection  carotid  blood  pressure  =  18  nun. 

mercury. 
Gasping  rc9|iiration  ceased  at  four  minutes.     Heart  ceased  to  beat  at  five 
minutes  after  injection. 
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XANTHOMA    TUBEROSUM     MULTIPLEX,    WITH    LESIONS 
IN    THE    HEART    AND    TENDON-SHEATHS. 

[From  the  Lahoratory  of  the  Rin/nl  CnUvge  of  riiijsiciauft,  Edinhiirgh.) 

By    R.    CRANSTON    LOW.    M.B..    F.R.C.P.Edin.. 
Assistant  Phy.-iiciiiii   to  the  Fikiit-Dcpiartineiit  of  tlie  Royal  Iiifirmnry.  Ediiihiiryli. 

Although  within  recent  years  numerous  cases  of  nniltiple  xantlio- 
mata  have  been  recorded,  and  the  disease  is  now  a  well-established 
entity,  the  following  case  presents  several  features  of  special  interest. 
It  is  that  of  a  girl,  A.  G — ,  aged  11  years,  who  was  admitted  on 
September  25th,  1909,  to  the  Royal  Hospital  for  Sick  Children, 
Edinburgh,  under  the  care  of  Mr.  Harold  J.  Stiles,  to  whoni  I  am 
indebted  for  permission  to  publish  the  case. 

About  three  years  ago  a  swelling  was  noticed  on  the  middle  finger 
of  the  right  hand.  About  a  fortnight  later  a  similar  swelling 
appeared  on  the  middle  finger  of  the  left  iiaiid,  and  within  the  next 
few  weeks  several  other  swellings  appeared  ou  the  hands.  At  the 
same  time  "  lumps  "  were  noticed  un  the  arms,  buttocks,  and  heels. 
These  swellings  and  "  lumps  "  all  appeared  somewhat  suddenly,  and 
rapidly  reaching  their  present  size,  have  remained  stationary.  They 
have  never  itched  nor  been  painful,  and  have  caused  no  inconvenience 
except  on  the  fingers,  where  they  interfere  with  the  movements  of 
the  joints.  'I'lie  patient  lias  always  lind  faii-ly  good  health  and 
attended  school  regularly.  She  has  occasionally  had  attacks  of 
giddiness. 

Her  father  and  mother  are  botli  alive  and  well.  She  has  one 
sister   and    tlirce   lirntluTs,  all   ynunger   than    herself,   and   says   tliat 
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none  of  these  sliow  anj^  swellings  or  skin-eruption  similar  to  that 
seen  on  herself. 

The  patient  has  had  no  previous  illnesses  except  measles,  and  has 
never  been  jaundiced.  Her  left  foot  was  run  over  bj  a  cart  six  j^ears 
ago,  when  the  wound  was  stitched  by  a  doctor.  Soon  after  the 
swellings  appeared  on  her  hands  a  "lump"  was  noticed  on  the  scar 
of  the  former  wound  on  her  foot. 

The  patient  is  a  somewhat  delicate-looking-  child,  but  fairly  well 
nourished.  There  is  no  sign  of  jaundice.  There  is  no  eruption  on 
the  face,  neck,  or  body.  Both  hands  (fig.  1)  show  rounded  swellings 
projecting  from  the  sides  of  the  fingers.  These  are  present  on  the 
ring  and  middle  fingers  at  the  level  of  the  fir.st  intercarpal  joint  and 
over  the  knuckles  of  these  fingers  on  each  hand.  There  is  also  a 
similar  swelling  on  the  flexor  aspect  of  the  right  thumb  at  the  level 
of  the  centre  of  the  first  phalanx.  All  the  swellings  are  covered  witli 
slightly  reddened  skin,  which  moves  freely  over  them.  They  are 
fairly  tense,  somewhat  lobulated,  and  at  places  give  a  feeling  almost 
of  fluctuation.  They  are  not  attached  to  the  bones,  and  can  be  moved 
from  side  to  side,  but  not  verticall}'.  They  move  with  the  tendons 
and  are  evidently  attached  to  their  sheaths.  On  the  extensor  aspect 
of  the  right  elbow  there  is  a  raised  yellow  tubercle,  which  has  a  red 
margin.  It  is  soft  to  feel,  and  is  imbedded  in  the  skin.  There  is  a 
cluster  of  similar  lesions  over  the  prominence  of  the  elbow  of  the  left 
side  (fig.  2).  On  the  back  of  the  left  upper  arm,  just  above  the  skin- 
eruption,  there  is  a  fairly  tense,  slightly  lobulated  swelling,  about 
f  in.  long  by  h  in.  broad,  which  can  be  moved  from  side  to  side,  but 
not  vertically.  This  swelling  feels  lik(>  tliosi^  on  the  fingers,  and  is 
covered  with  normal  skin.  On  tlio  buttocks  (fig.  4)  are  several 
circular,  flat  lesions  of  a  yelldw  ('(ildui-,  soft  to  feel,  and  embedded  in 
the  skin,  and  just  mIionc  tin;  anus  is  a  small  jiuckered  depression  in 
the  skin,  around  wliicli  are  several  minute  yellow  spots.  Over  the 
right  patella  is  a  raised  yellow  spot,  whicli  is  flat  on  the  surface  and 
about  a  quarter  of  an  inch  in  diameter,  and  of  the  same  character  as 
the  spots  on  the  liuttdck.  On  the  front  of  tlie  right  ankle  and 
extending  downwards  on  to  the  dorsum  of  the  foot  are  similar  flat, 
yellow  spots,  arranged  in  a  circli",  willi  :i  c  renated  edge  and  whitish- 
red  centre.  There  are  several  large  lobulated  swellings,  covered  with 
normal  skin,  attached  to  the  tendo  Achillis  and  to  the  tendons  of  the 
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poroneus  longus  (fig.  3)  of  both  sides,  also  a  smaller  .swelling  on  the 
extensor  tendon  of  the  right  great  toe.  There  is  a  yellow  mass  in 
the  centre  of  tlie  scar  on  the  outer  border  of  the  sole  of  the  left  foot 
(fig.  3).  This  mass  has  a  crust  in  tlie  centre,  and  looks  as  if  it  has 
been  injured. 

There  is  no  enlargement  of  any  of  the  lymphatic  glands  to  be 
made  out. 

The  liver  is  not  enlarged.  It  extends  from  the  upper  border  of 
the  fourtli  vil)  iu  the  nuimniary  line  to  tlie  costal  margin.  Tlie  lower 
edge  cannot  be  felt. 

The  ape.x-beat  of  the  heart  is  heaving  in  character,  and  situated 
between  the  fourth  and  fifth  ribs  just  external  to  the  nipple. 
There  is  a  loud  systolic  murmur  heard  all  over  the  heart,  but  best 
heard  in  the  aortic  area.  This  murmur  is  propagated  up  into  the 
neck.  The  second  sound  is  closed  all  over  the  heart  and  re-duplicated 
at  the  base  of  the  heart.  There  is  no  sign  of  any  enlargement  of  the 
aorta  on  percussion. 

The  urine  contains  no  albumen  and  nti  sugar. 

The  patient  was  sent  in  October  to  the  conviile.scent  house  at 
Gullane,  but  had  to  be  re-admitted  to  hospital  shortly  afterwards  on 
account  of  attacks  of  fainting  and  giddiness. 

Now  (December,  1909)  the  heart  is  in  much  the  same  condition  as 
before,  but  the  lower  edge  of  the  liver  can  be  made  out  one  finger's 
breadth  below  the  costal  mai-giu.  There  is  also  a  nnirked  dilatation 
of  the  superficial  veins  over  the  lower  part  of  the  thorax  and  the 
abdomen.     There  are  no  signs  of  free  fiuid  in  the  peritoneum. 

On  the  fii'st  occasion  on  wliich  patient  was  in  hospital  Mr.  Stiles 
excised  the  skin-lesion  from  the  right  elbow  and  uuv  nl  tlu^  tumour 
uuisses  on  the  right  middle  finger.  The  latter  was  found  to  consist 
of  a  lobulatcd  mass  of  yellow  colour  growing  in  the  tendon  sheath  of 
the  extensor  tendon,  and  also  iu  the  prolongation  of  tiie  slieath  into 
the  interpharyngeal  joint,  which  had  to  be  opened  into  iu  dissecting 
off  the  mass. 

I'art  (if  this  tissue  was  lixed  in  Miiller's  llnid,  stained  ni  Idnc  willi 
1  ])er  cent.  i>smic  acid  sulntion  and  embedded  iu  celloidiu  ;  part  was 
lixod  in  formalin,  and  of  these  latter  pieces  some  were  cut  with  the 
freezing  microtome,  others  were  cut  in  celloidin  in  the  ordinary  way. 
The  sections  wore  stained  with  hasmatoxylin  and  cosiu,  methylene 
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blue  and  jjicro-fuclisiiij  lia3inatoxyliii  und  Sudan  III,  and  Weigert's 
elastic  tissue  stain. 

The  structure  of  the  lesion  in  the  skin  and  tendon  sheaths  is 
essentially  the  same.  Both  are  composed  of  a  fibrous-tissue  mesli- 
work  in  which  lie  masses  of  cells  (xanthoma  cells)  containing  a  fatty 
substance. 

In  the  skin,  which  is  otherwise  unaltered,  the  papilla3  are  flattened 
out  and  the  tumour-mass  lies  in  the  corium  immediately  below  the 
epithelium  (fig.  5).  The  mass  has  a  liberal  supply  of  blood-vessels, 
around  which  the  cells  are  more  closely  packed,  but  contain  less  fatty 
substauce  than  those  further  removed  from  the  vessels.  Most  of  the 
cells  arc  definitely  uninucleated  with  well-marked  nucleoli,  but  there 
are  groups  of  nuclei  the  outlines  of  whose  cells  cannot  be  definitely 
made  out.  These  suggest  more  the  close  aggregation  of  several  cells 
than  the  formation  of  giant  cells.  The  fatty  substance  is  in  the  cells, 
aud  consists  of  small  droplets  closely  packed  together.  This  fatty 
substance  stains  well  witii  Sudan  III.  There  is  much  less  staining 
with  osmic  acid  than  one  would  expect  from  examining  the  Sudan 
sections.  In  the  sections  cut  by  freezing  very  numerous  short 
crystals  with  bluntly  pointed  ends  are  seen  (fig.  7).  These  are 
cither  single  or  arranged  in  l)undles.  They  are  most  abundant  where 
the  fatty  droplets  are  most  numerous.  In  the  skin  the  masses  of  cells 
have  a  fairly  definite  edge  with  finger-like  prolongations  into  the 
surrounding  tissue.  In  the  tendon  sheath  the  centre  of  the  mass 
contains  the  large  rounded  cells  full  of  fatty  droplets,  wliilst  the  edge 
shows  a  gradual  transition  to  normal  fibrous-tissue  parts  showing 
fibrous  tissue  with  rows  of  fatty  dropk'ts  arranged  in  tlu'  (.nnnective- 
tissue  cells.  Elastic  tissue  is  present  in  considerable  iinaiitity 
throughout  the  supporting  framework  of  the  nmss. 

Both  clinically  and  microscopically,  therefore,  this  case  is  a  typical 
one  of  Xanthoma  multiplex.  J5odin  (5),  in  La  Pratique  Virma- 
tologiqw,  subdivides  cases  of  Xanthoma  vulgaris  into  (I)  Xanthoma 
planum;  (2)  Xanthoma  tuberosum  ;  and  (3)  Xanthoma  "en  tumeurs." 
In  tlie  case  before  us  there  is  ;i  mixture  of  all  three  subdivisions. 

1  do  not  propose  to  enter  into  any  discussion  as  to  the  probable 
cause  of  xanthoma,  as  this  case  throws  no  light  on  the  origin  of  the 
disease,  nor  to  refer  at  all  to  the  ordinary  Xanthoma  palpebrarum 
which  is  so   often   seen    on    (lir  eyelids,  and    lliere  only,  nor   to  the 
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special  fonii  found  in  diabetes.  The  following  i-eniarks  refer  only 
to  Xanthoma  tuberosum  multiplex. 

Some  authors  have  tried  to  separate  the  juvenile  from  the  adult 
cases,  but  no  such  hard  and  fast  line  can  be  drawn  between  these 
two  groups,  as  the  disease  is  identical  in  children  and  adults,  and 
cases  ai-e  recorded  at  all  ages  from  three  months  to  sixty  years  of 
age. 

The  lesions  in  our  case  show  a  typical  symmetrical  distribulion. 
The  localisation  on  the  elbows,  hands,  knees,  buttocks,  and  feet  is  a 
very  frequent  one.  The  skin-lesions  on  the  elbows  at  once  suggest 
Xanthonaa  diabeticorum,  but  at  no  time  has  sugar  been  found  in  the 
urine.  The  absence  of  lesions  on  the  eyelids  is  not  unusual.  In 
adults  that  situation  is  often  the  starting-point  of  the  eruption,  but 
several  cases  are  recorded  in  children  in  which  the  eyelids  have  l)een 
early  and  extensively  affected. 

In  many  cases  it  is  a  family  disease.  Startin,  Mackenzie  (-^o), 
Hyde  (29),  Kobner,  Hutchinson  (28),  and  Thibierge  (46)  have  all 
reported  cases  where  several  members  of  one  fainii\'  were  affected, 
either  parent  and  child,  or  several  members  of  both  sexes  in  one 
family. 

The  special  point  of  interest  in  our  case  is  the  presence  of  lesions 
on  the  tendon  sheaths,  in  the  heart,  and  possibly  in  the  liver.  There 
is  a  case  reported  in  18(S9  by  Lehzen  and  Knauss  (32)  which  is  almost 
identical  with  our  case.  It  was  that  of  a  girl,  aged  11  year.s,  who 
showed  xanthoma  lesions  on  the  skin  of  elbows,  buttocks,  knees, 
and  feet,  and  also  had  tumour  masses  attached  to  the  extensor  tendons 
of  the  fingers,  the  tendo  .\chillis,  etc.  'J'liis  child  bad  a  mitral 
systolic  murmur.  Mici-oscopically  both  the  lesions  in  the  skin  and 
tendon  sheaths  were  shown  to  be  xanthoma.  The  tdiild  was  suddenly 
seized  with  palpitation  and  breathlessness  about  three  months  after 
admission  to  hospital,  and  died  within  twenty-four  hours.  Post- 
mortem, yellow  raised  patches  of  xanthoma  were  found  on  the 
mitral  valve,  causing  incompetence  of  the  valve ;  also  similar  lesions 
were  found  in  the  aorta  in  one  place  in  a  ringed  arrangement,  causing 
considerable  stenosis,  in  the  left  carotid  artery,  pulmonary  arteries, 
and  coronary  arteries.  The  nine-year-old  sister  of  the  above  case  had 
similar  but  less  extensive  xanthoma  lesions  in  the  skin  and  tendon 
sheaths,  but  her  heart  was  unalVcctcd. 
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There  is  only  one  other  case  which  I  have  been  able  to  find  where 
xanthoma  lesions  have  been  found  post-mortem  in  the  circulatory 
system.  It  is  that  reported  by  Pavy  (36)  and  Fagge  (15).  Their  case 
was  an  adult,  who  during  life,  in  addition  to  showing  skin  and  tendon- 
sheath  lesions,  had  a  mitral  murmur, and  post-mortem  showed  xanthoma 
of  left  auricle,  aorta,  pulmonary,  innominate,  and  cai'otid  arteries. 

In  addition  to  those  examined  post-mortem,  a  few  others  have 
been  reported  as  having  heart-nuirmurs  in  addition  to  generalised 
xanthoma  of  the  skin.  Poensgen's  (38)  case  had  stenosis  of  aorta, 
PuUosson's  (40)  case  had  a  systolic  murmur  at  the  base  of  the  heart, 
Vidal's  (47)  case  mitral  regurgitation,  and  Gwynne's  two  cases  had 
mitral  murmurs.  Moxon  reports  a  case  of  xanthoma  where  patches 
were  found  on  the  aorta.  These  were  described  as  atheroma,  to 
which  condition  the  xanthoma  lesions  show  a  very  close  resemblance. 
Grwynne  (20)  gives  photographs  of  his  two  cases,  which  showed  lesions 
in  skin  and  tendon  sheaths  very  similar  to  our  own.  Both  had  heart 
lesions, and  one  of  these  children  died  very  suddenly,  and  unfortunately 
no  post-mortem  was  obtained. 

Taking  these  facts  into  account  with  i-egard  to  heart-lesions  in 
generalised  xanthoma,  I  think  that  one  is  justified  in  coming  to  the 
conclusion  that  in  our  case  the  heart-murniur  is  in  all  probability  due 
to  xanthoma  lesions  in  the  aorta.  Of  cnurse  one  cannot  exclude 
endocarditis  as  the  cause  of  the  iR'urt-miiriiiur,  but  tliere  is  no  histoi-y 
of  rheumatism  of  any  kind. 

Lehzen  and  Knauss  (32)  reciinuiR'Uil  tliiit  the  luart  sliuiilil  alwaj's 
be  examined  in  all  cases  of  iiiulti])le  x;iutlioma.  In  all  siu-h  cases 
where  a  heart-lesion  does  exist  a  Inul  pnigiiosis  should  hr  given. 

Turning  now  to  the  lesions  on  the  tendon  slieatlis,  oni'  finds  tliat 
they  are  by  no  means  so  rare  as  the  heart-lesions.  After  a  carefid 
search  through  all  the  available  literafiii'e,  i  have  been  able  to  find 
records  where  the  tendon  sheaths  (usually  those  of  liaiids  and  tend^) 
,\cliillis)  were  alfected  in  seventeen  cases.  Those  reported  by  Brachet 
and  Monnard  ((3),  Elirnumn  (47),  Feulard  (16),  Ciwynne  (20),  two  cases, 
Hyde  (29),  Lehzen  ami  Knaiiss  f.32),  two  cases,  and  I'uensgen  (38), 
were  in  children  of  twelve  years  and  under.  Those  recorded  by 
Addison  :nnl  Cull  (3),  Chambard  (11),  (iottheil  (ID),  liardaway  (24), 
llillairet  (26),  Hutchinson  (28),  Pavy  (36),  and  Fagge  (1">),  occurred 
in  {lersons  over  twelve  years  of  age.     There  was  no  difference  in  the 
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lesions  in  tlie  cliildren  from  those  in  the  adults.  The  diagnosis  in 
such  eases  should  cause  no  difficulty.  The  hands  present  at  first 
glance  (Fig.  1)  an  appearance  like  multiple  chondrom;ita,  hut  the 
fact  that  the  lesions  are  not  hard  and  move  witli  tlu-  tendon  move- 
ments should  be  sufficient  distinction.  The  associated  skin-lesions 
should  at  once  suggest  a  correct  diagnosis.  The  only  other  lesions 
which  the  tumours  on  the  hands  suggest  are  dermoid  cysts. 
Pollitzer  (39)  reports  a  case  where  there  were  several  small  tumours 
on  the  hands  of  a  yellowish  colour.  These  were  diagnosed  as 
xanthomaj  but  microscopic  examination  showed  them  to  be  multiple 
dermoid  cysts.  Pollitzer  also  refers  to  two  somewhat  similar  cases 
recorded  by  Teuton. 

There  was  undoubtedly  a  slight  increase  in  size  of  the  liver  in  our 
case  on  the  second  occasion  in  which  she  was  in  hospital.  The 
enlarged  veins  on  the  abdomen  also  suggested  some  obstruction.  At 
no  time  has  she  been  jaundiced ;  but  as  very  numerous  cases  have 
been  reported  where  the  liver  showed  a  cirrhotic  condition,  sometimes 
associated  with  xanthoma  lesions  obstructing  the  bile-ducts,  one  must 
admit  the  possibilitj'  of  tlie  commencement  of  some  such  lesion  in 
our  case. 

The  only  other  point  to  which  I  would  refer  in  this  case  is  to  the 
microscopic  appearances.  Up  till  quite  recently  everyone  has  regarded 
the  material  found  in  the  xanthoma  cells  as  consisting  of  fat,  but 
recently  Pinkus  and  Pick  (37)  drew  attention  to  the  fact  that, 
although  this  substance  stains  with  Sudan,  it  is  not  an  iirdinarv  fat. 
They  point  out  that  it  stains  very  poorly  with  osmic  acid,  and  tlint  tlu^ 
stain  comes  out  when  the  specimen  is  put  in  x3-]ol  balsam.  In  our 
osmic  acid  specimens  there  is  undoubtedly  very  much  less  of  the  fatty 
substance  in  the  cells  than  in  the  Sudan  specimens,  but  that  we  put 
down  to  incomplete  fixation  of  the  fatty  substance  before  staining. 
The  black  staining  is  also  rapidly  fading,  although  the  specimens  are 
not  more  than  a  few  weeks  old.  Pinkus  and  Pick  consider  that  the 
substance  in  the  xanthoma  cells  is  a  cholesterin  fatty  acid  ester,  and 
it  diiSers  from  fat  and  fatty  acids  in  being  double-refracting  under  a 
polai'ising  mici'oscope.  Pinkus  and  Pick  also  found  that  in  absolutely 
fresh  tissue  there  were  no  crystnls,  only  droplets  of  the  fatty  substance, 
and  crystals  only  appear  after  fixation  in  formalin.  They  consider 
the  crystals  and  the  droplets  are  two  forms  of  tlie  same  substance.     I 
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have  examined  sections  from  our  case  under  a  polarising  microscope, 
and  can  confirm  the  observation  that  both  tlie  droplets  and  the 
crystals  are  double-refracting  substances.  Moxon  (35)  refers  to  these 
crystals  as  tyrosin,  but  microscopicallj',  although  thej^  occur  in 
bunches,  they  do  not  resemble  the  crystals  of  tyrosin. 

The  substance,  cholesterin  fatty  acid  ester,  has  been  found  in  the 
blood  in  cases  of  jaundice  and  diabetes  in  appreciable  quantities,  and 
Pinkus  and  Pick  suggest  that  it  is  through  the  circulation  that  the 
fatty  substance  reaches  the  xanthoma  cells,  where  it  is  deposited, 
but  they  have  no  suggestion  to  offer  as  to  why  this  substance  should 
be  in  the  circulating-  blood. 


Description  op  Plates. 

Pig.  1. — Hand  showing  tumour  uiasse.s  on  tendon  sheaths  of  i-in^'  and  middle 
fingers.     The  small  lesions  in  the  skin  are  ordinary  warts. 

Fig.  2. — Back  of  elbow  showing  xanthoma  in  skin.  Note  also  "  lump  "  in 
triceps. 

Fig.  .'?. — Sole  of  left  foot  showing  xanthoma  in  scar  on  sole  and  tumour  masses 
in  tendo  Aehillis. 

Fig.  4. — Buttocks  showing  skin-lesions. 

Fig.  .'). — Celloidin  section.  Low-power  view  of  lesion  in  skin  of  elliow,  sliowing 
mass  of  fibi-ous  tissue  stained  with  ha^matoxylin  and  eosin. 

Fig.  6. — Frozen  section  of  mass  from  tendon  slieatli  of  finger  stained  with 
lia"matoxylin  and  Sudan  III,  showing  transition  stage  from  fibrous  tissue  to 
typical  '■  xanthoma" ;  droplets  of  fatty  substance  in  connective-tissue  cells. 

Fig.  7. — Frozen  section  of  centre  of  mass  from  tendon-slieath  stained  with 
ha'matoxylin  and  Sudan  Til.  sliowing  xantlioma  cells  with  droplets  of  fatty 
substance  ;  also  crystals. 

Fio.  8.— Celloidin  section,  skin  of  elbow;  oil-iuiniersion  microscope;  stained 
with  methylene  blue  and  picro-fuchsin,  showing  "xanthoma  cells"  lying  in 
mesliwork  of  fine  fil>res ;  vacuolated  appeai-ince  of  protoplasm  whei-e  fatty 
substance  liiis  been  dissulved  out. 
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EPITHELIOMA  OF  THE  HYPOPHYSEAL  DUCT. 

By  GEORGE  MACKAY,  M.D.,  Senior  Ophtlialmic  Surgeon,  and 
ALEXANDER  BRUCE,  M.D.,  Physician  to  the  Royal  Infirmary,  Edinburgh. 

(With   Plates   11,   12   and    13.) 

The  following  case  of  tumour  of  the  pituitary  body  seems 
sufficiently  remarkable  both  from  its  clinical  features  and  its 
morbid  anatomy  to  wayant  publication  in  the  Revieiv. 

The  patient,  W.  T.,  aged  16,  clerk  in  a  business  office,  was 
referred  to  Dr  George  Mackay  on  March  4th,  190S,  by  Dr 
William  Stewart  of  Leith,  and  subsequently  placed  under  the 
care  of  Dr  Bruce.  The  history  of  the  case,  as  obtained  from  the 
notes  taken  by  the  writers,  is  as  follows  : — 

About  six  years  previously  some  tubercular  deposit  about 
the  lower  end  of  the  right  femur  was  operated  upon  and 
removed  by  Dr  Stewart.  The  patient  made  a  good  recovery, 
but  had  a  limited  power  of  flexion  of  knee  and  a  slight  limp. 
He  had  otherwise  enjoyed  fair  health,  though  he  was  never  very 
robust.  In  August  1905  he  began  to  be  troubled  with  head- 
aches, without  any  obvious  cause  in  the  form  of  illness,  accident 
or  overwork.  At  first  these  were  not  constant,  but  from  the 
beginning  of  1906  they  recurred  almost  daily,  especially  in  the 
morning.  The  pain  was  generally  at  the  back  of  the  head,  but 
sometimes  came  forward  to  the  forehead.  It  was  not  accom- 
panied by  vomiting  unless  very  severe.  In  the  autumn  of  1906 
he  entered  a  seed-merchant's  office  as  clerk,  but  found  the  work 
too  heavy.  Three  months  later  he  was  able  to  secure  a  situation 
in  a  wine  merchant's  office,  where  liis  duties  were  less  confined 
and  more  varied,  so  that  he  was  able  to  be  more  in  the  open  air. 
For  three  months  before  coming  to  Dr  Mackay  he  had  noticed 
that  his  vision  was  defective. 

March  4th,  1908. — External  examination  :  Not iiing  abnormal 
save  that  the  pupils  were  rather  wide.  They  responded  to  light 
and  on  convergence.  R.V.  =  6/60,  slightly  improved  with  -  ID 
sph.  Read  J14  slowly.  L.V.  =  6/60,  doubtfully  improved 
with  -  ID  sph.  Read  J20  badly.  Examination  of  the  fields  of 
vision  revealed  a  complete  temporal  hemianopia  of  the  ric/ht  eye. 
Could  neither  count  fingers  nor  even  appreciate  hand  movements 
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on  the  temporal  side  of  the  middle  line,  while  the  nasal  field  was 
good  for  form  and  colour.  With  the  left  eye,  fingers  could  not 
be  counted,  but  hand  movements  were  vaguely  perceived  in  the 
temporal  half  field.  In  the  left  nasal  field  colours  were  correctly 
perceived,  but  neither  perception  of  form  nor  colour  seeiued  to  be 
quite  so  acute  as  in  the  ricjht  nasal  half  field.  The  usual  difl:- 
culty  was  experienced  in  mapping  the  actual  line  of  demarcation 
between  the  affected  and  the  unaffected  parts  near  the  middle  line. 
Ophthalmoscopically — media  transparent ;  both  discs  pale  as  if 
partial  atrophy  threatened. 

On  March  5th,  1908,  at  Dr  Mackay's  suggestion,  Dr  Logan 
Turner  kindly  examined  the  patient  at  the  Royal  Infirmary  for 
possible  evidence  of  trouble  in  the  nasopharynx  or  accessory 
sinuses,  but  none  was  found. 

On  March  18th,  1908,  he  was  admitted  to  the  Eye  Ward.s 
of  the  Royal  Infirmary. 

On  March  20th  he  was  referred  to  Dr  Bruce,  and  lumbar 
puncture  was  performed,  but  no  fluid  was  obtained. 

On  March  26th  Calmette's  ophthalmo-reaction  was  applied 
to  his  left  eye,  and  on  March  2Sth  gave  a  positive  result. 
There  was  no  rise  of  temperature.  The  diagnosis  of  some 
tubercular  disease,  probably  periostal  in  the  sella  turcica,  seemed 
justifiable  and  was  made. 

The  patient  improved  somewhat,  bad  fewer  headaches, 
and  on  dismissal,  on  the  17th  of  April,  he  was  sent  to  the 
Convalescent  Home  for  three  weeks,  taking  cod  -  liver  oil 
emulsion.  He  returned  from  there,  looking  much  stronger  and 
tanned  with  the  sun,  and  he  had  put  on  three  pounds  in  weight. 
His  vision  had  also  improved  :  R.V.  with  -  ID  sph.  =  6/36. 
Read  some  of  J12.  L.V.  with  -  ID  sph.  =  6/18  and  J4.  The 
improvement  was  maintained  throughout  the  summer,  and  he 
returned  to  work. 

In  June  1908  he  first  noticed  a  peculiar  discharge  which 
sometimes  came  down  the  back  of  his  nose.  This  appeared  to 
be  quite  differeut  from  the  usual  nasal  secretion,  so  that  he 
always  recognised  it  by  the  taste,  but  it  had  no  disagreeable 
smell.  It  appeared  every  day,  but  usually  not  more  than  once 
a  day,  and  when  expectorated  had  a  peculiar  thick  wliitish 
appearance.  This  had  continued  to  appear  up  till  his  admission 
to  hospital.      It  is  not  increased  in  amount  by  any  posture. 
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On  October  16th,  1908  :  R.V.  with  -  ID  sph.  =  6/24  slowly. 
L.V.  with  -  0  5D  sph.  =  G/18  and  some  of  U/12.  There  was 
occasionally  slight  morning  headache,  but  otherwise  he  was  well 
and  at  work. 

There  is  a  history  of  his  having  fallen  in  the  street  in  a  fit, 
but  details  as  to  its  nature  and  exact  date  are  wanting. 

On  December  1st,  1908,  his  eyes  again  began  to  become 
weaker  and  his  headaches  to  be  more  severe.  He  went  back  to 
see  Dr  Mackay  on  December  11th,  190S.  On  the  15th  he 
saw  Dr  Bruce  and  was  admitted  to  his  ward  on  December  16  th. 

The  following  notes  were  taken  by  Dr  Godwin  Green- 
field :— 

On  examination  the  patient  was  found  to  be  a  well-grown 
lad,  tall  but  slightly  built.  The  expression  of  the  face  was  one 
of  dulness  and  apathy.  He  seemed  disinclined  for  conversation 
or  any  mental  exercise,  but  was  intelligent  aud  evidently  well- 
educated.  There  was  slight  head-retraction.  The  eyebrows 
were  slightly  raised,  as  if  from  headache,  and  the  jaw,  which  was 
long  and  rather  low-set,  was  kept  slightly  open.  At  intervals, 
when  the  pain  was  more  than  usually  severe,  he  threw  back  his 
head  and  looked  upwards  as  if  in  agony,  while  the  month  was 
rather  more  widely  open  than  before.  The  eyes  were  sometimes 
opened  wider  than  usual  and  sometimes  half-closed  during  these 
attacks.  They  conveyed  the  impression  of  great  pain  of  a 
wearing,  exhausting  nature.  The  eyes  were  steady,  and  except 
for  a  heavy,  sleepy  look,  and  more  than  usually  long  ej'elashes, 
gave  no  evidence  of  his  condition.  The  nose  was  well  formed. 
There  was  no  evidence  of  nasal  catarrh,  and  no  disagreeable 
odour  was  perceived  in  the  breath. 

The  right  knee-joint  was  almost  completely  ankylosed  from 
old  tuberculous  disease  occurring  when  he  was  five  years  old. 
The  scars  of  sinuses  were  seen  about  the  joint,  which  was  slightly 
flexed  and  ill-shaped,  with  considerable  thickening  over  its  inner 
side.  There  was  very  considerable  atrophy  of  the  muscles  of  the 
right  leg  and  thigh. 

The  chest  was  well  formed,  except  for  a  flattening  on  the 
right  lateral  aspect,  due  to  the  use  of  a  crutch  since  he  was  five 
years  old. 

The  supra-clavicular  fossa=,  especially  that  on  the  left  side, 
were  slightly  hollowed,  aud  there  was  evidence  at  both  apices  of 
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tuberculous  consolidation,  which  seemed  to  be  progressing  slightly 
at  the  right  apex. 

The  heart  and  circulatory  system  appeared  normal. 

The  urine  showed  no  abnormal  condition. 

Examination  of  his  nervous  system  showed  complete  bilateral 
hemianopsia,  but  no  other  contraction  of  the  field  of  vision. 
Vision  on  the  nasal  side  was  poor,  being  tV  in  the  left  eye 
and  Kff  in  the  right. 

No  paralysis  or  weakness  of  any  of  the  external  or  internal 
muscles  of  the  eye  could  be  discovered.  There  was  no  paralysis 
of  face  or  tongue.  Except  for  the  weakness  of  the  right  leg,  due 
to  the  condition  of  the  knee,  the  power  of  the  limbs  was  intact. 
No  change  of  sensibility  of  the  skin  could  be  made  out.  Taste 
and  hearing  were  unimpaired.  The  sense  of  smell  was  very 
deficient  in  both  nostrils,  and  was  practically  absent  in  the 
right. 

Tlie  reflexes  of  the  upper  limbs  were  active,  but  not  in- 
creased. No  scapular  jerk  could  be  elicited.  In  the  lower 
limbs  the  reflexes  were  much  increased  ;  adductor  and  crossed- 
adductor  jerks  were  present  on  both  sides.  The  left  patellar 
reflex  was  much  increased,  but  there  was  no  great  contraction 
of  hamstrings  following  it.  A  slight  ankle  clonus,  which,  how- 
ever, could  not  be  sustained  for  more  than  a  few  contractionSj 
was  elicited  on  both  sides,  more  on  the  left  than  on  the  right. 
Of  the  superficial  reflexes,  the  abdominal  and  epigastric  were 
very  difficult  to  elicit.  The  cremasteric  was  active  on  both  sides, 
and  the  plantar  was  active  and  flexor  in  character. 

The  special  discharge  from  the  nose  could  not  be  isolated  for 
examination. 

Examination  by  Dr  Logan  Turner  in  the  ear  and  throat 
department  revealed  nothing  abnormal  in  any  of  the  anterior 
sinuses,  and  no  evidence  of  disease  was  seen  by  either  anterior 
or  posterior  rhinoscopy. 

After  admission  to  hospital  he  was  kept  quietly  in  bed  for 
a  week,  during  which  time  his  general  condition  remained  much 
as  before.  The  spasms  of  great  pain  were  not  quite  so  frequent, 
although  very  severe  when  they  came  on.  He  slept  well,  had 
a  good  appetite,  and  felt  himself  rather  better  than  he  had  been 
previously.  He  was  treated  with  5  grains  of  potassium  iodide 
thrice  daily,  and  full  doses  of  cod-liver  oil  and  malt. 
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On  December  22nd,  after  a  week's  observation  in  hospital, 
lumbar  puncture  was  performed  under  local  antesthesia  at  1  p.m. 
The  fluid  came  off  at  high  pressure,  a  continuous  stream  pour- 
ing out  to  a  distance  of  about  4  inches  from  the  end  of  the 
needle,  although  this  was  inclined  point  downwards.  After  about 
10  c.c.  had  come  off  in  this  way,  he  complained  of  very  great 
pain  in  his  head  and  desired  the  nurse  to  hold  it,  and  there  was 
marked  head  retraction.  On  account  of  the  pain  only  20  c.c. 
were  drawn  ofi".  An  ice-bag  was  applied  to  the  back  of  his  neck, 
and  he  was  given  20  grains  of  potassium  bromide.  The  head- 
ache remained  very  severe,  and  he  lay  groaning  but  quite 
conscious.  The  cerebro-spinal  fluid  was  then  examined  and 
found  to  be  highly  albuminous  and  to  reduce  Fehling's  solution 
slightly.  It  appeared  quite  clear,  but  yielded  a  very  slight 
sediment  on  centrifuging  for  half  an  hour,  which  was  of  a  reddish 
colour,  composed  mainly  of  red  blood  corpuscles,  with  an  excess 
of  leucocytes,  of  which  the  lymphocytes  outnumbered  the  poly- 
morphs by  three  to  one. 

About  half  an  hour  after  the  lumbar  puncture  the  patient 
vomited,  but  after  this  remained  fairly  quiet  all  afternoon, 
although  suffering  great  pain.  He  fell  asleep  about  8  p.m.,  but 
awoke  again  at  9.30,  complaining  of  great  pain  at  the  back  of 
his  head.  His  head  twitched  back  very  frequently,  and  he 
seemed  to  become  slightly  flushed  during  these  attacks.  Kernig's 
sign  was  slightly  present.  At  10  p.m.  he  was  given  a  powder 
containing  3  grains  of  exalgin,  3  grains  of  caffeine  citrate,  and 
10  grains  of  phenacetin,  which  relieved  the  headache,  and  he 
slept  for  about  an  hour  and  a  half.  He  awoke  at  12  p.m.,  but 
had  not  at  that  time  much  pain,  and  lay  awake  until  3  a.m., 
when,  as  he  was  again  complaining  of  much  pain,  20  minims  of 
nepenthe  were  given.  After  this  he  only  dosed  for  the  rest  of 
the  night,  but  had  less  pain. 

On  the  following  day  he  was  given  20  grains  pot.  bromide 
thrice  daily.  When  seen  at  11  a.m.,  he  complained  of  a  good 
deal  of  pain  in  the  head,  and  head  retraction  was  fairly  frequent. 

Kernig's  sigu  was  rather  more  marked  than  on  the  previous 
night,  the  knee  only  being  extended  to  an  angle  of  135",  and 
this  caused  him  some  pain. 

He  had  a  good  deal  of  pain  in  the  head  ail  the  afternoon, 
but  took  his  food  well.      About  7.30  p.m.  the  pain  became  very 
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severe,  so  that  he  called  out  with  it,  and  was  given  30  minims 
of  nepenthe,  after  which  he  slept  soundly  till  4.30  a.m.,  and  fell 
asleep  again  shortly  after. 

On  the  24th  December  he  was  very  drowsy,  and  seemed  to 
be  sleeping  nearly  all  the  day.  When  roused  up  he  said  that 
his  headache  was  much  less  severe.  Head  retraction  was  much 
less  frequent,  and  he  did  not  look  so  ill  as  on  the  previous  day. 
He  lay  for  the  most  part  on  the  right  side,  with  his  head  drawn 
slightly  back,  and  the  brow  very  slightly  wrinkled.  The  eyes 
were  shut,  the  eyebrows  slightly  raised,  and  the  javv'  hung  slightly 
open.  He  slept  soundly  at  night,  waking  only  for  short  intervals, 
during  which  he  complained  of  little  headache. 

On  the  2.5th  he  was  in  much  the  same  condition.  When 
wakened  and  roused  to  speak  he  was  quite  rational  and  intelli- 
gent, but  was  usually  very  drowsy.  He  slept  well  again  at  night 
without  any  drugs. 

There  had  been  no  difficulty  with  micturition  up  till  this 
time,  but  the  bowels  were  very  constipated.  From  this  time 
until  the  end  he  only  passed  urine  when  the  bowels  moved  or 
from  stimulation  by  hot  cloths,  and  then  in  small  amounts. 

On  December  26th  he  was  very  listless  and  drowsy,  with 
the  face  slightly  flushed  and  the  tongue  furred.  He  opened 
and  shut  his  eyes  listlessly,  without  seeming  to  take  any  note  of 
his  surroundings.  There  was  slight  difficulty  in  swallowing. 
He  complained  of  no  pain,  and  said  that  he  was  fairly  comfortable. 
The  pulse  was  rather  faster,  being  130  at  7  a.m. 

When  examined  at  12.30  a.m.  on  the  27th  the  pulse  was 
again  slower — 107  per  minute.  The  eyes  tnoved  slowly  from 
side  to  side,  and  the  pupils  reacted  very  sluggishly  to  light. 
The  conjunctival  reflex  was  diminished.  The  hands  usually  lay 
limply,  but  every  now  and  again  there  were  spasms  running 
down  the  arm,  causing  a  slight  quivering.  There  was  no  evidence 
of  paralysis  of  the  face  or  limbs. 

Tlie  reflexes  were  found  as  before,  except  the  plantar  reflex, 
whicli  was  now  extensor  in  type.  Head  retraction  was  very 
slightly  present,  and  Kernig's  sign  was  more  marked  than  pre- 
viously. On  account  of  the  difHculty  in  swallowing,  salines  and 
whisky  were  given  per  rectum.  At  2.30  a.m.  the  breathing 
became  slightly  Cheyne-Stokes  in  character  ;  the  pulse  varied 
from  105  to  135,  but  was  regular  and  of  good  volume. 
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At  3  a.m.  he  was  given  3  oz.  hot  milk,  which  he  took  with 
difficulty,  and  went  to  sleep  after  it,  and  slept  well  until  4.15 
a.m.,  when  he  awoke,  complaining  of  pain.  He  dozed  off  to 
sleep  again  soon  after,  but  at  5.30  was  again  awake,  and  com- 
plaining of  his  head.  There  were  no  twitchings  of  the  head 
now,  aud  no  paralysis  of  the  eye  muscles  could  be  observed. 

At  7.45  a.m.  he  suddenly  became  very  cyanosed,  and  died. 
There  was  no  gurgling  or  gasping  for  breath,  and  death  occurred 
in  about  three  minutes. 

Autopsy. — The  base  of  the  brain  presented  a  very  interest- 
ing condition.  A  large  tumour,  mainly  cystic,  was  seen  filling  up 
the  space  between  the  tips  of  the  two  temporal  lobes,  the  middle 
of  the  medulla  posteriorly  and  the  middle  of  the  orbital  surfaces 
of  the  frontal  lobes.  The  cyst  lay  upon  the  optic  chiasma  and 
pressed  upon  it  so  that  it  could  not  be  seen  on  the  surface.  It 
appeared  to  lie  between  the  arachnoid  and  the  surface  of  the 
brain.  It  had  no  apparent  connection  with  the  pituitary  body, 
which  merely  lay  upon  the  surface  of  its  middle  part.  The 
surface  of  the  middle  part  was  nodular.  A  large  cavity  under 
the  frontal  lobe  was  opened  during  the  removal  of  the  brain  and 
its  contents  escaped.  The  cyst  wall  had  numerous  minute 
nodules  scattered  over  it,  especially  in  the  region  of  the  chiasma. 
Their  colour  and  firmness  suggested  that  they  were  calcareous  in 
nature  (subsequent  microscopic  examination,  see  below,  showed 
that  they  were  really  epithelial  cell  nests  undergoing  calcifica- 
tion). The  membranes  over  the  anterior  surface  of  the  pons 
and  the  medulla  were  thickened  and  a  portion  of  the  cyst 
extended  backwards  over  the  pons  and  medulla  under  the 
thickening  of  the  arachnoid  seen  in  Plate  II,  Fig.  1.  There  was 
extensive  absorption  of  the  bone  at  the  sella  turcica,  so  that  the 
sphenoidal  cells  were  merely  roofed  in  by  mucous  membrane, 
which  Dr  J.  S.  Fraser,  who  kindly  examined  it,  reported  to  be 
practicall}'  normal.  The  nasal  mucous  membrane  was  in  a  state 
of  catarrh.  No  affection  of  the  spinal  cord  was  discovered.  Both 
lungs  showed  evidence  of  early  phthisis  at  the  apices. 

Further  examination  of  the  hrain. — On  mesial  section  a 
tumour  about  8  cm.  long  and  4"2  cm.  in  greatest  breadth  was 
seen  occupying  the  whole  of  the  third  ventricle,  displacing  its 
lateral  walls  outwards,  destroying  both  septa  lucida  and  extend- 
ing forwards  so  as  to  displace  the  orbital  surface  of  the  posterior 
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part  of  the  frontal  lobe  upward?.  As  shown  in  Fig.  2,  its  back- 
ward growth  had  displaced  the  crura  cerebri  and  pons  in  such  a 
manner  that  their  posterior  surface  was  almost  at  a  right  angle 
with  the  corpus  callosum. 

The  upper  part  of  that  portion  of  the  tumour  which  lay  ia 
the  third  ventricle  was  occupied  by  several  large  gelatinous 
masses  of  irregular  outline.  Two  of  these,  which  measured  from 
about  18  to  20  mm.  in  their  longest  diameter,  with  intermediate 
smaller  cysts,  are  well  seen.  They  resembled  the  colloid  sub- 
stance in  cystic  tumours  of  tlie  thyroid,  but  their  nature,  as  will 
be  seen  later,  was  totally  different. 

The  anterior  portion  of  the  lower  half  was  occupied  by  a 
single  large  cyst,  the  contents  of  which,  as  already  mentioned, 
escaped  at  the  examination.  Its  lining  membrane  was  studded 
irregularly  by  minute,  opaque,  whitish  granules.  (These  can  be 
seen  with  the  aid  of  an  ophthalmoscopic  lens  in  Fig.  2.)  The 
posterior  part  of  the  lower  half  of  the  tumour  consisted  of  small 
cystic  cavities  with  broad  intervening  trabecular  which  presented 
partly  a  gelatinous  appearance  and  partly  fine  opaque  whitish 
granules  of  apparently  calcareous  matter.  These  granules  appear 
as  the  whitish  portion  between  the  large  cyst  in  the  posterior 
and  the  multilocular  cysts  in  the  anterior  portion  of  the  tumour. 
The  part  of  the  tumour  which  lay  in  front  of  the  pons  and 
Tiieilulla  was  a  flattened  cyst,  \vhich  collapsed  on  being 
opened. 

Microscopical  exaviination. — The  pituitary  body  itself  (Plate 
12,  Fig.  4)  seems  quite  normal.  The  following  description  of 
the  tumour  is  taken  from  that  part  described  as  the  posterior 
portion  of  the  lower  half  (Fig.  2).  Under  the  low  power 
(Plate  12,  Fig.  3)  the  growth  resembles  a  cystic  adenoma,  but  a 
careful  examination  shows  that  the  cyst-like  spaces,  lined  by  an 
almost  cylindric  epithelium,  are  really  formed  by  the  connective 
tissue  stroma  between  branching  epithelial  ingrowths  —  the 
several  branches  of  which  anastomose  with  one  another.  This 
connective  tissue  stroma  is  in  all  stages  of  mucoid  degeneration 
(Fig.  3rt,  a'),  so  that  "  spaces "  are  formed,  some  with  almost 
normal  fibrous  tissue,  others  with  branching  myxomatous  cells, 
swollen  and  separated  fibrils,  and  a  mucoitl  ground  substance, 
and  still  others  where  the  mucoid  transformation  has  been  com- 
plete.     It  is  these  last  which  give  at   first  sight  the   impression 
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of  a  cystic  tumour,  but  even  these  contain  well-formed  capillaries 
(Fig.  ob),  which  stand  out  clearly  in  the  mucoid  substance.  A 
few  of  the  spaces  contain  numbers  of  large,  vacuolated,  rounded 
cells.  These  are  probably  of  a  phagocytic  nature,  and  are  to  be 
found  to  a  smaller  or  greater  extent  in  all  the  spaces,  often 
grouped  round  capillaries  (Fig.  5«).  In  a  few  of  the  larger 
spaces  the  mucoid  material  has  either  fallen  out  or  been 
absorbed,  and  only  swollen  strands  of  connective  tissue  fibrils 
are  left,  together  with  a  few  lymphocytes  and  large  granular 
cells  (Fig.  3a'). 

The  branching  epithelial  ingrowths  (c  c,)  show  all  stages  of 
complexity,  from  the  simple  two-layered  process  covered  only  by 
the  original  germinal  epithelium  which  adjoins  the  connective 
tissue  to  the  ingrowths,  consisting  of  several  layers  of  epithelial 
cells,  the  outermost  of  which  represent  the  germinal  epithelium, 
and  the  inner  ones,  becoming  flattened  and  cornified,  form  tyf)ical 
cell-nests  (Fig.  3(/  and  Fig.  5).  In  many  of  the  spaces  are  found 
islands  of  epithelium  showing  all  stages  in  the  formation  of  cell- 
nests,  many  going  on  even  to  calcification  (Fig.  6). 

The  calcareous  granules  in  the  wall  of  the  large  cyst  which 
underlay  the  frontal  lobe  and  formed  the  anterior  portion  of  the 
lower  half  of  the  tumour  proved  to  be  epithelial  cell-nests  in 
process  of  calcification. 

It  will  thus  be  seen  that  the  diagnosis  of  the  site  of  the 
lesion,  but  not  that  of  its  nature,  was  confirmed.  The  bitemporal 
hemianopia  seemed  to  put  beyond  doubt  that  there  was  a  pressure 
on  the  optic  chiasma.  On  the  other  hand,  the  evidence  obtained 
by  Calmette's  reaction  was  altogether  deceptive.  Its  results  merely 
indicated  that  the  patient  was  tuberculous  ;  they  did  not  tell 
where  the  tuberculosis  was  situated,  and  in  this  case  it  was  not 
in  the  brain,  but  was  in  the  lung.  The  two  conditions — one  of 
epithelioma,  the  other  of  tuberculosis — co-existed  ;  the  tuber- 
culosis in  the  lung  spoke,  but  the  tumour  of  the  hypophysis 
was  silent. 

As  already  stated,  the  pituitary  body  itself  was  found  to  be 
quite  normal  both  as  regards  its  glandular  and  its  nervous 
portions,  as  well  as  in  the  lining  membrane  and  form  and  con- 
tents of  the  epithelial  cleft.  No  connection  beyond  that  of  a 
fibrous-tissue  nature  could  be  made  out  between  the  pituitary 
body  and   the    tumour.      Althmiuh    no  further  connection  coulil 
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be  traced,  it  appears  to  us  probable  that  the  tumour  must  Lave 
arisen  from  some  aberrant  portion  of  the  wall  of  that  part  of  the 
ectoderm  of  the  original  embryonic  buccal  cavity  which  goes  to 
form  Eathke's  jooach.  The  epithelial  cells  lining  this  pouchy 
being  derived  from  the  ectoderm,  would  be  imbued  with  the 
potentiality  of  developing  in  the  same  manner  as  the  latter — 
that  is  to  say,  as  squamous  epithelium — and  this  although  all 
trace  of  any  of  the  extra-pituitary  portion  of  Rathke's  pouch  was 
ultimately  lost. 

Such  forms  of  tumour  seem  to  be  comparatively  rare,  and 
the  writers  would  refer  to  the  paper  by  Erdheim  {Sitzmir/sbcrichfc 
cler  Kaiscrl.  Akad.  der  Wissetischcijt,  Math.-natvrw.  Klassc,  Bd. 
113,  H.  10,  Dec.  1904,  Abt.  3). 

The  absence  of  acromegaly  in  such  a  case  as  this  and  those 
described  by  Erdheim  is  not  to  be  wondered  at,  seeing  that  the 
tumour  did  not  involve  or  arise  from  the  pituitary  itself 

The  microscopic  sections  in  this  case  were  made  by  Dr  J.  W. 
Dawson,  and  their  photographic  reproduction  by  Mr  William 
Watson,  of  the  Royal  College  of  Physicians'  Laboratory. 


Description  op  Plates. 
Plate  11. 

Fig.  1. — Base  of  brain. 

a.  Large  cyst  in  anterior  part  of  tlie  tumour,  opened  in  its  removal. 

b.  The  nodular  under  surface  of  the  part  of  the  tumour  lying  in  from 

of  the  pituitary  body. 

c.  The  pituitary  body.    Behind  it,  over  the  pons  and  upper  [lart  of  the 

medulla,  is  a  thickening  of  arachnoid  which  corresponded  to  the 
hindmost  portion  of  the  cyst. 

Fig.  2.— Mesial  surface  of  left  hemisphere. 

The    tumour,  as   described   in   the  text,   has   displaced   the   cerebral 
peduncle  and  pons  into  an  almost  vertical  position. 

Plate  12. 

Fig.  3. — Section  of  tumour. 

a,  a'.  Stroma  in  various  stages  of  myxomatous  degeneration. 
h.  Capillaries  in  stroma, 
r,  c.  Epithelial  ingrowths. 
(I.  Cell-nest. 
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FiQ.  2. 
To  iltiisliate  I'u/ier  hi/  Drs  Miicl-aii  and  Brnct. 


I'h..   4. 
To  ilhislrul,  l'uj,f>  h<,  /Irs  .l/,i,/l„y  und  Bn 
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Fig.  4. — Section  of  pituitary  body  (L.P.),  showing — to  the  left  side,  the 
epithelial ;  to  the  right  side,  the  nervous  portion  ;  in  the  middle,  the 
epithelial  cleft.    All  these  appear  normal. 

Plate  13. 

Fig.  5. — Section  of   mucoid  stroma,  showing  phagocytic  cells  (absorbing 

mucoid  substance  ?)  near  capillaries. 
Fig.  6.— r7,  rf,  d.  Cell-nests. 

e.  Several  layers  of  epithelial  cells. 
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FORM.\TION    AND    FUNCTIONS    OF   THE    NoSE 

The  nasal  septum  is  seldom  or  never  absolutely  straight,  in  fact 
a  straight  septum  is  an  abnormally  normal  one  ;  the  outer  wall  of 
the  nose  is  thrown  into  convolutions  by  the  turbinals  so  as  to  expose 
as  much  secreting  surface  as  possible  in  the  small  space  available. 
The  inspired  air  entering  the  nasal  chambers  thus  strikes  against 
the  septum  or  turbinals  before  passing  back  to  the  naso-pharyn.x, 
and  is  warmed,  moistened,  and  filtered  to  some  extent  from  dust 
particles  and  bacteria  before  it  reaches  the  cavities  of  the  pharyn.x 
and  larynx.  The  nasal  mucous  membrane  is  likely,  therefore,  to 
be  a  very  active  structure  ;  it  is  well  supplied  with  blood-vessels, 
and  in  certain  parts,  notably  in  the  inferior  turbinal  region,  these 
vessels  take  part  in  the  formation  of  erectile  tissue  ;  the  size  of  the 
nasal  cavities  can  thus  be  regulated  according  to  the  state  of  the 
air  entering  the  nose  ;  the  inferior  turbinals  swell  up  in  cold  weather 
or  in  dusty  atmospheres  ;  excitement  also  influences  the  state  of 
engorgement  of  the  turbinals,  and  the  well-known  phrase,  "  open- 
mouthed  with  astonishment,"  would  be  more  accurately  replaced 
by  "  shut-nosed  with  astonishment."  The  size  of  the  inferior 
turbinals  may  also  be  seen  to  vary  during  the  sliort  jieriod  co\-ered 
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by  an  examination  of  the  anterior  nares,  and  we  are  probably  all 
familiar  with  the  fact  that  if  we  lie  on  one  side  in  bed  the  nostril 
on  that  side  tends  to  become  blocked. 

Method  of  carrying  out  the  Present  Investigation 

The  number  of  specimens  examined  was  70  ;  of  these  22  weie 
inferior  turbinals,  of  which  6  were  normal,  6  in  a  condition  of  slight 
oedema,  5  markedly  (edematous,  and  5  in  the  condition  known  as 
"  cauliflower  hypertrophy."  This  state,  however,  is  merely  one  of 
very  extreme  cedematous  infiltration.  Eigliteen  specimens  of  the 
middle  terbinal  were  examined,  in  addition  to  30  which  formed  the 
subject  (i)  of  a  previous  paper.  Of  the  middle  terbinals  3  were 
normal,  10  showed  slight  cedema,  and  the  rest  marked  cedematous 
hypertrophy,  or,  in  other  words,  nasal  polypus  formation.  In  all 
but  a  few  cases  the  tissues  were  removed  during  life,  washed  in  water 
to  remove  blood  and  mucus  from  the  surface,  and  placed  at  once  in 

5  per  cent,  nitric  acid  in  spirit.  After  a  week  they  were  transferred 
to  10  per  cent,  nitric  acid  in  spirit  and  changed  three  or  four  times 
according  to  the  size  of  the  specimen.  The  time  required  for 
decalcification  varied  in  specimens  which  contained  apparently  an 
equal  amount  of  bone.  The  tissues  were  carried  through  in  the 
usual  way  and  embedded  in  paraffin  and  cut  often  in  serial  sections. 
It  was  found  by  no  means  easy  to  get  good  sections  of  tissues  of  such 
varying  degrees  of  density  as  the  turbinals,  containing  bone,  peri- 
osteum, loose  connective  tissue  glands,  and  delicate  mucous  mem- 
brane. The  staining  method  used  was  the  ordinary  one — hasma- 
toxylin  and  eosin,  but  Unna's  orcein  method  was  used  in  addition 
in  almost  all  cases  for  elastic  fibres. 

Sites  of  Chronic  Inflamm.morv  (Edema  in  the  Nose 

(a)  The  Septum  Nasi. — (i)  Anteriorly  in  the  region  of  the 
tubercle  ;  (2)  posteriorly.  Swelling  is  often  seen  by  posterior 
rhinoscopy,  apparently  in  the  region  of  the  posterior  border  of  the 
\-omer  high  up  towards  the  roof  of  the  choana,  giving  rise  to  an 
appearance  that  may  be  compared  to  the  "  ace  of  hearts."  This  is 
])robably  merely  an  extension  backwards  of  the  (vdema  in  the  region 
of  the  tubercle. 

(b)  Middle  Tiirbimil. — The  anterior  entl,  lower  iiordcr,  or  outer 
surface  are  most  freeiuently  affected  ;  tiiebc  parts  are  the  most 
dependent. 
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(c)  Inferior  Turbinal. — ^The  anterior  end  is  affected  rather  more 
often  than  the  posterior  end,  but  frequently  the  anterior  end,  inner 
surface,  and  lower  border,  as  well  as  the  posterior  end,  are  all 
affected. 

Normal  Structure  of  Inferior  and  Middle  Turbinal  Bodies 

Inferior  Turbinal. — {Fig.  i).  This  consists  of  a  bony  framework 
with  an  irregular  surface  ;  within  this  we  find  so-called  marrow 
spaces  lined  by  delicate  connectiv-e  tissue  and  containing  a  central 
thin-walled  blood-vessel.  The  periosteum  consists  of  two  or  three 
layers  of  elongated  cells,  and  just  outside  this  there  is  a  dense  layer 
of  elastic  tissue  from  which  strands  of  elastic  fibres  run  out  radially 
in  all  directions  towards  the  mucous  membrane  (Fig.  7).     Beyond 


the  periosteum  we  hav-e  a  laj'er  of  fairly  dense  connective  tissue 
containing  the  larger  blood-vessels  and  some  unstriped  muscle- 
tibres,  and  outside  this  again  the  erectile  tissue-layer  made  up  of 
thin-walled  blood-vessels  of  irregular  size  and  shape  ;  the  erectile 
tissue  is  better  marked  at  both  ends  and  along  the  inferior  border 
of  the  turbinal.  Just  under  the  superficial  epithelium  and  its 
basement  membrane  we  have  the  racemose  mucous  glands  (Fig.  2), 
the  ducts  of  which  open  through  the  basement  membrane  usually 
into  smaller  hollows  on  the  surface.  Immediately  under  the  base- 
ment membrane  there  is  a  thin  layer  of  elastic  fibres  running  parallel 
to  the  surface  but  connected  with  the  fibres  that  run  out  radially 
from  the  periosteum  ;  the  whole  turbinal  has  thus  a  framework 
of  elastic  fibres  which  causes  it  to  return  to  its  normal  size  when 
\ascular  engorgement  is  over.  The  covering  laj'er  consists  of  ciliated 
columnar  epithelium,  beneath  which  are  several  layers  of  cubical 
or  irregular  cells  situated  upon  the  basement  membrane. 

Blood  supply  :  The  larger  vessels  run  near  the  periosteum  more 
or  less  parellel  to  the  long  axis  of  the  turbinal ;  from  these  smaller 
vessels  run  racUcallj-  outwards  to  the  blood  sinuses  and  to  the  mucous 
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glands,  and,  finally,  very  small  vessels  ramify  just  imder  the  base- 
ment membrane. 

Normally  in  living  people  there  is  always  a  certain  amount  of 
small-cell  infiltration  under  the  basement  membrane  and  around 
the  glands  and  superficial  blood-vessels  ;  it  is  only  in  the  unborn 
that  this  is  not  found  (Kubo). 

Middle  Tiirbinal. — (Fig.  6.)  This  is  much  the  same  as  that  of  the 
inferior  turbinals,  but  with  the  following  differences :  the  bone  is 
thinner  and  altogether  more  delicate  ;  not  infrequently  there  is  a 
definite  cell  in  the  middle  turbinal  lined  with  ciliated  epithelium, 
in  fact,  in  these  cases  the  middle  turbinal  contains  one  of  the  eth- 
moidal cells.  The  erectile  tissue  is  not  so  marked  in  the  middle 
turbinal  as  in  the  inferior,  and  the  whole  structure  is  looser  and  more 
delicate.  From  an  anatomical  point  of  view  we  must  remember  that 
the  middle  turbinal  is  situated  higher  up  in  the  nose  than  the  inferior. 

Microscopical  Appearances  in  Cases  of  (Edema  of  the  Middle 
AND  Inferior  Turbinals 

[a)  The  Inferior  Turbinal. — ^After  writing  a  paper  on  "  The 
^Etiology  of  Nasal  Polyptis,"  it  occurred  to  me  that  further  light 
might  be  thrown  on  this  question  by  the  examination  of  the  inferior 
turbinal  bodies,  and  I  was  not  surprised  to  find  that  the  changes 
leading  to  so-called  hypertrophy  of  the  inferior  turbinals  were 
e.xactly  similar  to  those  seen  in  the  middle  turbinals  in  cases  of  nasal 
polypus  formation. 

It  is  necessary  in  the  first  place  to  distinguish  between  engorge- 
ment of  the  inferior  turbinals  due  to  distension  of  the  blood  spaces 
(cavernous  tissue)  and  oedema  of  the  submucous  tissue  (so-callcil 
hypertrophy  of  the  inferior  turbinals).  This  can  readily  be  done 
by  the  application  of  cocaine  to  the  turbinal ;  vascular  engorgement 
goes  down  within  a  few  seconds,  whilst  oedema  is  little,  if  at  all. 
affected.  In  some  cases  both  conditions  are  present,  and,  on  the 
ai)i5lication  of  cocaine,  the  turbinal  shrinks  to  some  extent,  but  still 
remains  considerably  enlarged.  It  is  extremely  probable,  however, 
that  chronic  engorgement  is  the  first  stage  of  inflammation,  leail- 
ing  to  (edematous  infiltration  when  changes  have  occurred  in  the 
walls  of  the  blood-vessels.  In  early  cases  of  cedema  of  the  inferior 
turbinal,  the  process  commences  just  under  the  basement  membrane, 
which  is  frequently  thickened  (Fig.  j).  Kubo  considers  this  thicken- 
ing to  mean  inflammation  ;  the  leucocyte  infiltration  is  increased. 
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especially  round  the  vessels  and  glands,  and,  in  some  cases,  amounts 
almost  to  the  formation  of  lymph  nodules.  The  glands  are  slightly 
pushed  inwards  by  the  cedema  and  the  ducts  dilated  ;  the  blood 
spaces,  periosteum,  bone,  and  marrow  are  not  affected. 

As  the  (edema  increases  (Fig.  4)  the  glands  and  blood  spaces 
are  pushed  further  back,  and  the  surface  of  the  turbinal  tends  to 
become  crenated  or  scalloped,  as  seen  in  sections — papillary,  as 
seen  on  surface  view.  This  is  due  to  the  gland  ducts  tacking  down 
the  mucous  membrane  at  various  spots,  and  can  be  well  seen  in  the 
posterior  ends  of  the  inferior  turbinals  by  posterior  rhinoscopy  in 
cases  of  so-called  "  mulberry  hypertrophy." 

In  the  cedematous  submucous  tissue  there  are  a  large  number 
of  cells  showing  myxomatous  degeneration,  and  it  is  due  to  this 
fact  that  nasal  polypi  were  so  long  regarded  as  myxomata. 

Even  in  the  most  marked  conditions  of  cedema  of  the  inferior 
turbinal — the  so-called  "cauliflower  hypertrophy" — the  surface 
epithelium  is  but  little  changed  (Fig.  5)  and  the  cilia  are  well 
preserved  ;  here  and  there  leucocytes  may  be  seen  making  their 
way  through  the  superficial  epithehum  to  the  surface  ;  this  fact 
accounts  for  the  muco-purulent  discharge  present  in  so  many  of 
these  cases. 

If  we  examine  one  of  the  papillfe  on  the  surface  of  such  an  inferior 
turbinal  under  a  high  power,  we  are  at  once  struck  by  the  close 
resemblance  to  a  nasal  polypus. 

The  changes  in  the  inferior  turbinal  are  more  marked  on  the 
inner  surface,  i.e.  the  suface  next  the  septum  over  which  the  air 
current  passes  (Fig.  3). 

In  advanced  cases  there  may  be  some  thickening  of  the  peri- 
osteum, but  the  bone  and  marrow  spaces  are  always  normal  so  far 
as  my  observations  go.  Finally,  I  have  noticed  that  in  these  cases 
the  blood  spaces  are  usually  small  ;  I  have  remarked  before  that 
they  are  pressed  towards  the  bony  centre  of  the  turbinal  by  the 
(vdema  which  occurs  between  them  and  the  mucous  membrane,  and 
this  fact  probably  accounts  for  their  diminution  in  size. 

[b]  Middle  Turbinal. — The  first  change  noted  is  itdema  of  the 
connective-tissue  layer  just  under  the  basement  membrane  (Fig.  8)  ; 
the  connective-tissue  spaces  are  enlarged  and  contain  serum,  and 
the  glands  and  blood  spaces  are  gradually  displaced  inwards  to- 
wards the  bony  centre  of  the  turbinal  as  the  cedema  increases. 
The  epithelial  covering  of  the  turbinal,  along  with  the  basement 
membrane,  is  of  course  pushed  away  from  the  bony  framework, 
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and  later  on  comes  to  hang  dowTi  in  the  nasal  cavity  ;  this  is  the 
condition  we  recognise  clinically  as  "  polypoid  middle  turbinal." 
The  ducts  of  the  glands  in  many  cases  become  obstructed — on 
account  of  the  oedematous  infiltration — and  in  this  way  large  cystic 
spaces  are  developed. 

It  is  very  difficult  to  speak  with  certainty  as  to  the  condition  of 
the  mucous  membrane  ;  during  the  course  of  hardening,  decalcifica- 
tion, embedding,  or  staining,  it  often  happens  that  the  surface 
epithelium  gets  separated  and  lost  ;  but  it  is  also  remarkable  that 
in  cases  of  marked  nasal  polypus  formation  the  superficial  epithelium 
is  apparently  quite  normal. 

Causes  of  (Edema 

Without  doubt  the  two  most  common  pathological  conditions 
affecting  respectively  the  middle  and  inferior  turbinals  are  nasal 
polypus  and  inferior  turbinal  hypertrophy  (so  called).  Differences 
in  the  macro-  and  microscopic  appearances  are  due  to,  firstly, 
difference  in  the  structure  of  the  two  turbinals,  and,  secondly, 
difference  in  anatomical  position,  or,  in  other  words,  the  middle 
turbinal  is  of  looser  and  more  delicate  structure  and  situated  further 
from  the  floor  of  the  nose. 

In  both  cases  the  cause  of  the  redema  is  to  be  found  in  repeated 
or  severe  attacks  of  acute  catarrh  (coryza)  :  in  this  condition  the 
turbinals  are  hypersemic  and  slightly  redematous,  but  as  a  rule 
resolution  occurs  and  the  jjarts  return  to  normal :  on  the  other 
hand  in  a  few  cases  the  inflammation  becomes  chronic,  and  the 
deeper  layers  of  the  mucous  membrane  are  involved.  Clinically, 
these  chronic  cases  are  characterised  by  constant  nasal  discharge 
(mucous  or  muco-purulent)  and  nasal  obstruction  ;  the  patients 
complain  that  they  are  never  free  from  a  "  cold  "  in  the  head,  and 
they  usually  state  that  they  have  suffered  from  nasal  discharge  and 
obstruction  for  several  years.  The  tissues  of  the  nose  are  thus 
constantly  soaking  in  their  own  secretions,  and  a  return  to  normal 
is  prevented.  It  has  been  pointed  out  to  me  that  an  analogy  may 
be  found  in  the  case  of  papilloma  of  the  bladder  :  this  condition  is  so 
serious  because  it  is  impossible  to  keep  the  parts  dry,  whereas  weu'ts 
on  the  hand  tend  to  shrivel  up  and  disappear  when  moisture  is 
excluded. 

On  going  over  the  cases  of  inferior  tiubinal  enlargement  wiiicii 
presented  themselves  at  Dr  Logan  Turner's  clinic  during  the  year 
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1907, 1  found  that  the  actual  number  was  242,  but  the  great  majority 
of  these  were  cases  of  vascular  engorgement.  In  most  of  the  cases 
there  was  only  slight  enlargement,  but  it  was  noted  that  in  30  there 
was  a  co-existing  polypoid  condition  of  the  middle  turbinals,  and 
probably  this  number  would  have  been  greater  had  cocaine  been 
applied  in  all  instances  to  the  inferior  turbinals  so  as  to  obtain  a 
better  view  of  the  middle  turbinal  region.  Of  the  79  cases  classified 
under  the  head  of  nasal  polypus,  there  were  20  with  co-existing 
enlargement  of  the  inferior  turbinal. 

Formation  of  Polypi 

Qidema  occurs  beneath  the  mucous  membrane  along  the  lower 
border  or  outer  surface  of  the  turbinal :  the  mucous  membrane 
thus  sags  down  in  the  nose,  and  in  advanced  cases  reaches  the  floor 
of  the  nasal  cavities,  or  even  protrudes  from  the  anterior  or  posterior 
nares. 

Before  this  stage  is  reached,  however,  the  developing  nasal 
Fig.  B. 

Bone 


Mucous  Membrane 


-Mucous  Membrane 


polypus  is  acted  upon  by  the  respiratory  air  currents,  and  its  base 
of  attachment  is  specially  dragged  on  in  the  act  of  blowing  the 
nose  :  gravity  also  tends  to  increase  the  formation  of  the  rcdematous 
swelling  once  it  has  begun.  From  what  has  been  said  it  is  not 
difficult  to  understand  that  in  some  cases  the  base  becomes  con- 
stricted so  that  a  pear-shaped  swelling  results,  but  in  my  opinion 
the  genuine  pear-shaped  jiolypus  is  much  less  frequent  than  is 
generally  believed.  I  hold  that  the  loop  of  the  snare  is  frequently 
responsible  for  the  pear  shape,  and  that  in  most  cases  the  polypus 
is  liroad  based  along  the  lower  border  or  outer  surface  of  the  turbinal. 
If  we  think  of  the  frequency  of  cedema  in  inflammation. of  such 
loose  structures  as  the  prepuce,  scrotum,  and  lower  eyelid,  we  need 
not  wonder  that  it  occurs  in  the  chronic  inflammation  of  the  middle 
turbinal  region  of  the  nose.  In  the  inferior  turbinal  the  case  is 
somewhat  different ;  here  the  tissue  is  denser,  and  the  lower  border 
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of  the  turbinal  is  already  almost  on  the  floor  of  the  nasal  chamber  ; 
consequently  we  do  not  meet  with  such  marked  cedematous  swelling. 
At  the  posterior  end  of  the  inferior  turbinal  we  may,  however,  in 
advanced  cases,  see  a  large  papillary  mass  of  edematous  tissue 
hanging  down  in  the  posterior  surface  of  the  soft  palate. 

Inflammation  in  any  situation  is  always  associated  with  exuda- 
tion, and  the  looser  the  tissue  the  greater  the  amount  of  e.xudation. 
I  beheve  that  in  early  cases  of  rhinitis  we  have  an  excessive  amount 
of  vascular  turgescence  associated  with  a  slight  degree  of  cedematous 
infiltration  ;  this  goes  down  under  cocaine  application.  If  the 
inflammation  becomes  chronic  the  oedema  increases  most  probably 
on  account  of  changes  in  the  walls  of  the  blood-vessels  and  blood 
spaces.  Lymphatic  and  venous  obstruction  no  doubt  play  a  part, 
and  I  have  observed  swelling  of  the  endothelical  cells  lining  the 
lymphatic  vessels  in  one  or  two  of  my  specimens.  Watson  Williams 
(3)  recently  showed  a  specimen  of  nasal  polypus  in  which  a  lymphatic 
vessel  appeared  to  be  blocked  by  inflammatory  products.  Hopman 
{4)  thinks  that  the  cause  of  the  oedema  is  some  impairment  of  the 
circulation  in  the  efferent  venous  vessels,  and  the  engorged  state  of 
the  small  veins  in  many  of  the  specimens  examined  by  me  supj^orts 
this  theory  (Fig.  12).  Griinwald  (5)  explains  the  cedema  by  changes 
in  the  vessels  of  the  nature  of  peri-  and  endo-arteritis,  but  one  is 
bound  to  note  that  even  in  apparently  normal  turbinals  the  vessel 
walls  seem  to  be  abnormally  thick.  Goodale  (6)  says,  "  It  is  possible 
that  the  inflammatory  infiltration  which  penetrates  the  substance 
of  the  turbinals  may  lead  in  some  places  to  a  stasis  from  compression 
of  the  veins  "  ;  the  same  writer  entirely  disagrees  with  the  bone 
disease  theory  of  nasal  polypus  formation. 

In  advanced  cases  the  elastic  fibres  are  hard  to  find — at  least 
in  the  (edematous  parts  ;  near  the  periosteum  they  are  present  and 
normal  in  apjiearance.  The  striking  similarity  of  the  changes  in 
the  middle  and  inferior  turbinals  will  be  apparent  from  the  illus- 
trations, and  nol)ody  has  yet  said  that  inferior  turbinal  cedema  or 
hypertrophy  is  due  to  bone  disease  ;  we  may  well  ask  why  (vdema 
of  the  middle  turbinal  should  be  due  to  this  cause.  It  is  true  that 
the  lione  is  often  affected  in  advanced  cases  of  nasal  polypus  for- 
mation, associated  with  ethmoidal  suppuration,  but  in  this  case  the 
bone  disease  is  the  effect,  not  the  cause  (Fig.  11).  Yonge's  (7)  theoiy 
a  to  the  causation  of  nasal  jiolyjii  was  not  well  received  at  the  last 
nii'cting  of  the  British  Medical  Association  at  Exeter,  and  as  I  have 
dealt  witli  it  in  a  previous  paper  I  need  not  do  so  again. 
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In  regard  to  Griinwald's  theory  that  nasal  polypi  are  associated 
with  sinus  suppuration,  I  can  only  state  that  this  appears  to  be  true 
in  only  50  per  cent,  of  cases.  I  think  we  are  not  far  wrong  if  we 
regard  the  character  of  the  discharge  present  as  diagnostic — that 
is  to  say,  if  nasal  polj^pi  are  found  associated  with  a  clear  watery 
discharge  no  sinus  suppuration  is  present ;  if  the  discharge  is 
muco-purulent,  sinus  suppuration  may  or  may  not  be  present ;  if 
the  discharge  is  distinctly  purulent  then  sinus  suppuration  is  present. 

Jlorell  Mackenzie  used  to  urge  against  the  inflammatory  origin 
of  nasal  polypi  that  while  nasal  catarrh  is  very  frequent  in  children, 
polypi  are  extremely  rare.  There  are  two  good  answers  to  this 
objection  :  (i)  the  middle  turbinal  region  is  not  easy  to  examine 
in  children,  and  minor  degrees  of  osdema  may  easily  pass  unnoticed  ; 
and  (2)  it  is  extremely  probable  that  the  vascular  changes  leading 
up  to  marked  polypus  formation  take  years  to  occur — in  other 
words,  children  have  ceased  to  be  children  when  polypi  are 
developed. 

In  conclusion,  I  wish  to  express  my  thanks  to  Dr  Logan  Turner, 
who  has  kindly  allowed  me  to  make  use  of  his  clinical  material,  to 
the  Royal  College  of  Physicians  (Edinburgh)  for  permission  to  work 
in  their  Laboratory,  and  to  Dr  James  Ritchie  for  much  advice  and 
assistance  in  carrying  out  the  work. 
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THE  HISTOLOGY  OF  NASAL  ACCESSORY  SINUS  SUPPURA- 
TION. A  COMPARISON  OF  THE  SIMPLE  INFLAM- 
MATORY PROCESSES  IN  THE  UPPER  RESPIRATORY 
TRACT— INCLUDING  THE  MIDDLE-EAR  CLEFT 

By  J.  S.  Fraser,  M.B.,  Ch.B.,  F.R.C.S.Ed.,  Assistant-Surgeon,  Ear  and 
Throat  Department,  Royal  Infirmary,  Edinburgh  ;  Lecturer  on 
Diseases  of  the  Nose,  Throat,  and  Ear,  School  of  Medicine  of  the 
Royal  Colleges,  Edinburgh. 

The  object  of  this  paper  is  to  show  that  the  changes  which  occur 
in  the  mucous  membrane  of  the  accessory  sinuses  in  simple  acute 
and  chronic  inflammatory  conditions  are  analogous  to  those  which 
take  place  in  the  nose  in  catarrhal  and  suppurative  rhinitis,  and  in 
the  middle  ear  cleft  in  catarrhal  and  suppurative  otitis  media  ; 
secondly,  to  bring  forward  evidence  in  favour  of  the  view  that  these 
processes  occur  first  of  all  in  the  nose  and  affect  the  pharynx, 
accessory  sinuses,  and  middle  ear  by  direct  extension,  and  further 
that  there  is  no  essential  difference  between  what  is  called  "  catarrh  " 
and  what  is  called  "  suppuration,"  as  one  condition  passes  insensibly 
into  the  other. 

Under    normal    conditions  the   accessory  sinuses    contain    air, 
while  the  lining  membrane  is  coated  with  a  delicate  layer  of  mucous 
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secretion  :  it  is  important  to  remember  tlian  the  cavities  are  lined 
by  mucous  membrane  continuous  through  the  ostia  with  that  of 
the  nasal  cavities.  We  are  all  aware  of  the  fact  that  an  attack  of 
coryza  is  frequently  followed  by  more  or  less  catarrhal  pharyngitis, 
laryngitis,  and  even  tracheitis,  and  it  seems  probable  that  the 
mucosa  of  the  sinuses  takes  part  in  any  changes  which  the  mucous 
membrane  of  the  nose  may  undergo.  Harke,  E.  Frankel,  and 
Oppikofer  on  the  one  hand  think  that  sinus  suppuration  is  the 
direct  consequence  of  the  causative  disease,  whereas  Zuckerkandl, 
Hajek,  Lack,  and  Goetjes  are  of  opinion  that  most  cases  are  due  to 
the  spread  of  a  catarrhal  process  from  the  nose.  It  is  hardly 
necessary  to  say  that  the  accessory  sinuses  are  not  always  affected 
by  an  attack  of  acute  rhinitis,  just  as  the  middle  ear  cleft  is  not 
involved  in  every  case  of  measles  or  scarlet  fever.  On  the  other 
hand,  it  frequently  happens  that  although  the  catarrhal  process  in 
the  nose  may  have  subsided,  the  inflammatory  condition  has  con- 
tinued in  the  maxillary  antrum  or  in  the  tympanic  cavity.  It  has 
been  frequently  stated  that  cases  of  maxillary  antrum  suppuration, 
which  have  been  treated  and  apparently  cured  by  alveolar  puncture, 
often  relapse  during  an  attack  of  coryza,  and  this  fact  supports  the 
view  that  the  mucous  membrane  of  the  sinuses  takes  part  in  the 
inflammatory  processes  which  have  invaded  the  nasal  cavities. 
In  regard  to  the  physical  conditions  which  obtain  in  the  accessory 
sinuses,  it  is  necessary  to  call  attention  to  the  fact  that  the  ostia 
are  very  small  in  proportion  to  the  size  of  the  cavities  they  drain, 
and  further  that  these  ostia  are,  in  the  case  of  all  except  the  frontal 
sinus,  very  badly  situated  for  drainage  by  gravitation.  Under 
normal  conditions  drainage  is  probably  carried  on  by  ciliary  action 
alone,  but  in  diseased  conditions  the  epithelium  is  not  infrequently 
damaged,  and  under  such  circumstances  gravitation,  syphonage,  and 
suction  may  come  into  play  (Yankauer). 

Histology  oj  the  Normal  Mucosa  of  the  Accessory  Sinuses. — In 
dealing  with  specimens  obtained  from  the  post-mortem  room,  it  is 
an  exceedingly  easy  matter  after  formol  fixation  to  strij)  the  mucous 
membrane  from  the  underlying  bone  with  a  small  blunt  dissector, 
such  as  that  used  in  the  submucous  resection  of  the  septum  ;  and 
even  during  operation  on  a  diseased  sinus  it  is  often  possible  to 
detach  large  areas  of  thickened  mucosa  in  the  same  way.  Oppikofer 
lays  stress  on  the  examination  of  large  pieces,  as  varying  pathological 
conditions  may  be  found  at  different  parts  of  the  mucous  membrane 
obtained   from   the  same  sinus  :    this  statement   is  confirmed  by 
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Fig.  1.— Normal  iiuilulio  mciiibiane  from  maxillary 
antrum.  x  about  50  diam.  i.  Ciliated  mucous 
membrane.     2,  Submucous  connective  tissue. 


mal   mucous   membrane   from    maxillary 

X    about  400  diam.     i.  Normal  mucous 

2.  Superficial  layer  of  columnar  ciliated 

Intermediate  layer  of  spindle-formed  cells 

4.   Deep  layer  of  cubical  cells.     5.   Basement  mem 

brane.     6.  Connective  tissues. 


Fig.  2.— Nc 
antrum, 
secretion 
cells 


KiG.  3.— Normal  ostium  of  sphenoidal  sinus. 
17  diam.     1.    Kpithelial  lining  of  sinus, 
glands  in  connective  tissue. 


X  about 
Mucous 


Fig.  4.— Normal     middle     turbinal.     showing    air-cS 
lined  by  healthy  mucous  membrane,      x    6  dian 

1.  Lining   membrane  of    cell    in    middle    turbina 

2.  Bony  core  of  turbin.-il.     3.  Olands  in  submn.  m 
tissue  on   nasal  aspect.     4.  Mucous   membi.r 
nose. 


Pl-ATK  I.— To  Ili.ustratk  Mr  J.  S 


Kkaskr's  Paier  on  The  Histology  of  Nasai.  Arct:ssoRY 
Sinus  SupruRATiON. 
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Goetjes.  The  normal  mucous  membrane  consists  of  two  layers — 
superficial  epithelium  and  submucous  connective  tissue,  separated 
by  a  delicate  basement  membrane  (Figs,  i  and  2).  The  surface 
layer  is  composed  of  ciliated  cylindrical  cells  with  a  deeply  placed 
nucleus  :  a  varying  amount  of  granules  is  also  present  in  these 
cells.  In  some  the  amount  is  so  large  that  the  nucleus  is  hidden, 
in  others  the  granules  are  scanty,  and  in  others  again  they  are  absent 
and  the  cells  appear  as  "  ghosts."  Hajek  has  shown  that  in  the 
nasal  mucous  membrane  this  latter  condition  is  associated  with  a 
discharge  of  mucus,  and  it  is  almost  certain  that  the  same  thing 
holds  good  in  the  accessory  sinuses.  Between  these  superficial 
ciliated  cells  and  the  basement  membrane  there  are  one  or  two 
rows  of  cubical  or  spindle-shaped  cells,  the  nuclei  of  which  are  large 
in  proportion  to  the  size  of  the  cell.  In  normal  cases  the  basement 
membrane  is  a  very  delicate  structure,  and  is  represented  by  a  very 
fine  homogeneous  line  just  beneath  the  deepest  layer  of  the  epi- 
thelium. Goetjes  states  that  under  normal  conditions  a  basement 
membrane  is  not  present.  The  submucous  tissue  consists  of  several 
layers  of  elongated  connective  tissue  cells  with  their  long  axes 
parallel  to  the  surface  of  the  mucous  membrane.  Eschweiler  has 
divided  this  layer  into  two — a  looser  superficial  and  a  denser  deep 
layer — the  latter  forming  the  periosteum  of  the  subjacent  bony 
wall.  It  is  in  this  latter  that  the  blood-vessels  run,  while  in  the  super- 
ficial stratum  are  occasionally  found  the  coiled  mucous  glands  which 
form  such  a  prominent  feature  of  the  submucous  tissue  of  the  in- 
ferior and  middle  turbinal  bodies.  It. is  usual  to  find  an  aggregation 
of  these  glands  in  the  neighbourhood  of  theYOstium  (Fig.  3). 
It  should  perhaps  be  pointed  out  that  there  is  not  the  same  necessity 
for  a  large  number  of  mucous  glands  in  the  accessory  sinuses  as  there 
is  in  the  nose  itself :  the  interchange  is  very  slight  between  the  air 
contained  in  the  sinuses  and  that  passing  to  and  fro  in  the  nasal 
cavities  ;  the  drainage  of  the  sinuses  would  also  be  extremely 
difficult  if  a  large  quantity  of  mucous  secretion  were  poured  out  in 
these  cavities.  Goetjes  states  that  a  certain  amount  of  round  cell 
infiltration  is  to  be  found  in  the  normal  submucous  tissue  of  the 
sphenoidal  sinus  just  as  in  the  nasal  mucous  membrane.  I  have 
not  been  able  to  confirm  this  observation. 

Changes  in  the  Mucous  Membrane  in  Acute  and  Chronic  In- 
flammation.— Nineteen  cases  have  been  examined,  distributed  as 
follows  :  antral  mucosa  9,  ethmoidal  8,  frontal  i,  and  sphenoidal  i  ; 
for  2  of  the  antral  cases  I  am  indebted  to  Dr  Logan  Turner. 
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Acute  Inflammation. — Only  one  case  of  acute  inflammation  in 
the  mucous  membrane  of  a  sinus  was  met  with  (Fig.  7)  ;  this  was  in 
the  sphenoidal  sinus  mentioned  above,  which  was  obtained  at  the 
autopsy  on  a  case  of  acute  pneumonia.  The  mucous  membrane 
was  considerably  thickened  and  deep  red  in  colour  ;  the  surface 
was  velvety,  and  the  sinus  contained  some  thick  muco  pus — but  no 
blood.  On  microscopical  section  the  prominent  feature  was  the 
extensive  haemorrhage  in  the  submucous  tissue  and  the  engorge- 
ment of  the  vessels  :  small  cell  filtration  was  not  so  marked  as  in 
chronic  cases,  and  the  oedema  was  slight  in  amount  ;  the  super- 
ficial epithelium  was  in  places  markedly  disintegrated.  Goetjes 
states  that  in  acute  inflammatory  conditions  the  number  of  beaker 
cells  and  consequently  the  production  of  mucus  is  greatly  increased  ; 
finally,  the  superficial  layer  of  cells  desquamates,  or  the  whole  of  the 
epithelial  covering  may  be  lost.  In  four  cases  of  acute  inflammation 
of  the  mucous  membrane  of  the  sphenoidal  sinus  Goetjes  found 
marked  round  cell  infiltration,  most  intense  just  under  the  epithe- 
lium, but  also  present  in  the  deeper  layers  around  the  glands  and 
vessels.  Submucous  haemorrhages  were  present  in  three  out  of 
four  cases.  The  round  cells  consisted  mainly  of  lymphocytes,  but 
eosinophiles  phrynuclear  and  plasma  cells  and  isolated  phagocytes 
were  also  present. 

Chronic  Inflammation. — In  the  first  place  a  more  or  less  thick 
layer  of  catarrhal  or  purulent  secretion  is  present  on  the  surface 
(Figs.  14  and  15)  ;  it  is  important  not  to  remove  this  layer  during 
the  process  of  preparing  the  specimen  for  examination,  because,  if 
it  is  present,  we  can  exclude  with  certainty  the  fallacy  of  an  artefact 
when  talking  about  the  condition  of  the  superficial  layer  of  cells. 
The  secretion  or  exudation  consists  of  mucous  and  leucocytes  in 
various  proportions,  with  occasionally  epithelial  cells. 

Changes  in  the  Superficial  Layer. — It  is  remarkable  how  often 
this  layer  appears  to  be  normal,  although  there  are  marked  changes 
in  the  submucous  tissue.  Not  infrequently,  however,  the  number 
of  ghost  cells  in  the  most  superficial  layer  is  very  large,  while  in 
other  cases  this  ciliated  layer  is  absent  in  parts  and  only  the  spindle- 
shaped  or  cubical  cells  beneath  are  left.  Occasionally  the  basement 
membrane  is  entirely  denuded  of  epithelial  covering  (Fig.  10). 
In  most  of  the  specimens  leucocytes  may  be  seen  making  their 
way  between  the  epithelial  cells  to  the  surface — there  to  mix  with 
the  mucous  secretion  and  form  the  wi/co-purulent  or  puralent 
exudation  characteristic  of  sinus  catarrh  or  suppuration  (Fig.  9). 
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'IG.  5.— Early  inflammatory  ccdema  of  middle  turbinal 
(nasal  polypus),  x  about  6  diam.  i  CEdema  of  sub- 
mucous tissue  of  air-cell  in  middle  turbinal.  2.  Bone. 
3.  Pendulous  masses  of  oedematous  connective  tissue 
(polypi).  4.  Dilated  gland  ducts.  5.  Mucous 
glands. 


Fig.  6.— ffidema  of  middle  turbinal  in  case  of  ethmoidal 
suppuration.  The  normal  tissues  are  crowded  to- 
wards the  bone  ;  the  thickened  lining  membrane  of 
the  cell  in  the  middle  turbinal  is  well  seen,  and  the 
small-cell  infiltration  of  its  mucous  membrane,  x  6 
diam. 
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I      t  in      fr  in    sphenoid  il    binus 

ri.,    1  lit      nil  imniitc)r\  chingib       s     o  diam. 

ni;ors;ed    blood  \essi Is         2       Hnemorrhiges. 

dibmtt.,1  itcd  condition  of  surface  cpithchuni. 


KiG.  8. — Polypoid  mucous  membrane  from  floor  of  maxillary 
antrum,  x  9  diam.  i.  .Apparently  normal  epithelium 
on  surface.  2.  Stalk  of  the  polypus.  3.  Large  con- 
nective tissue  spaces  filled  with  serum. 


I'lAiE  II.— To  Illustrate  Mr  J 


S.  1-kaser's  Paper  on  The  Histology  of  N.vsal  Accessory 
Sinus  Suppuration. 
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In  one  and  the  same  specimen  mononuclear  cells  may  be  seen  at  one 
point  between  the  epithelial  cells  and  at  another  only  polymorphonu- 
clear cells  ;  eosinophiles  may  also  occasionally  be  found  in  the  same 
situation.  To  a  smaller  extent  this  process  may  be  observed  ia 
the  nasal  mucosa  in  cases  of  chronic  catarrh,  but  in  this  condition 
the  leucocytes  which  have  come  through  the  epithelium  on  to  the 
surface  are  diluted  by  the  large  quantity  of  mucous  secretion  poured 
out  by  the  vast  number  of  mucous  glands  in  the  nose,  and  con- 
sequently the  discharge  is  only  7«zico-purulent,  whereas  in  the  ac- 
cessory sinuses  the  mucous  secretion  is  scanty  and  the  leucocytes  at 
least  equally  numerous,  so  that  the  discharge  is  more  definitely 
purulent.  With  regard  to  metaplasia  of  the  epithelium,  after  going 
very  carefully  over  all  my  specimens  I  found  small  areas  in  three 
of  the  nine  antral  cases  (33  per  cent.)  in  which  the  superficial  cells 
approximated  more  closely  to  the  squamous  than  to  the  cylindrical 
type  (Fig.  9)  ;  Oppikofer  found  this  condition  present  in  41  per  cent, 
of  antral  cases.  The  question  of  the  relationship  of  cholesteatoma 
of  the  accessory  sinuses  and  middle  ear  to  this  metaplasia  of  the 
epithelium  is  not  yet  settled  :  so  far  a  case  of  cholesteatoma  has  not 
been  recorded  in  which  there  was  no  possibility  of  the  epithelium 
coming  in  from  a  surface  covered  by  squamous  epithelium  (mouth, 
skin,  external  auditory  meatus),  but  cases  have  been  described  in 
which  this  metaplasia  of  the  epithelium  was  regarded  as  the  cause 
of  the  cholesteatoma  formation.  In  none  of  my  specimens  did  the 
loss  of  superficial  tissue  extend  deeper  than  the  basement  membrane, 
so  that  nothing  in  the  nature  of  ulceration  was  met  with  in  the  ac- 
cessory sinuses.  Goetjes  states  that  it  is  not  possible  to  distinguish 
acute  from  chronic  inflammatory  processes  by  the  epithelial  changes. 

The  Basement  Membrane,  which  is  extremely  delicate  and  may 
apparently  be  absent  in  the  normal  accessory  sinuses,  is  as  a  rule 
markedly  thickened  in  cases  of  chronic  suppuration. 

Cha)iges  in  the  Submucous  Tissue. — The  thickness  of  the  mucous 
membrane  varies  considerably  in  different  parts,  being  greatest  in 
the  hollows  and  least  over  the  convex  surfaces  :  this  variation 
depends  on  the  amount  of  submucous  tissue.  In  chronic  inflam- 
matory conditions  this  tissue  is  usually  much  increased  in  depth, 
the  increase  being  mainly  due  to  oedematous  infiltration,  though 
fibrous  changes,  vascular  engorgement,  and  small  cell  infiltration 
no  doubt  play  a  part.  Goetjes  looks  on  sclerosis  of  the  submucous 
tissue  as  an  indication  that  cure  had  resulted  in  a  case  of  chronic 
inflammation  (Fig.  16).     I  agree  with  Oiipikofer  in  thinking  that 
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the  degree  of  thickening  of  the  submucous  tissue  is  not  a  measure 
of  the  severity  of  the  suppurative  process,  and  that  a  shghtly 
thickened  mucous  membrane  may  suppurate  freely  and  cause  the 
same  symptoms  as  a  sinus  with  enormously  thickened  polj^oid 
mucosa.  In  fact  I  think  that  many  cases  of  this  latter  type  are  not 
clinically  or  pathologically  severe,  and  are  more  allied  to  conditions 
of  simple  nasal  catarrah  and  polypus  formation  (compare  Fig.  8 
with  Fig.  ii). 

The  oedematous  infiltration  results  in  a  widening  of  the  delicate 
connective  tissue  network,  so  that  large  spaces  are  formed  which  are 
filled  with  serum  :  the  process  is  in  fact  exactly  similar  to  that  found 
in  the  middle  turbinal  in  cases  of  nasal  polypus  formation  and  in  the 
inferior  turbinal  in  so-called  "  chronic  hypertrophic  rhinitis."  This 
polypoid  character  shows  itself  especially  in  the  dependent  parts 
of  the  sinuses,  e.g.  along  the  floor  of  the  maxiUary  antrum  :  the 
condition  is  not  difficult  to  explain,  for  we  have  only  to  remember 
that  the  mucous  membrane  accurately  fitted  the  antrum  when  the 
submucous  tissue  was  of  normal  thickness  ;  if  now  this  tissue 
increases  tenfold  in  depth,  it  follows  that,  if  the  epithelium  on  the 
surface  is  to  remain  of  the  same  superficial  area,  it  must  become 
folded  on  itself — or,  in  other  words,  polypoid.  As  seen  in  section 
this  tendency  is  naturally  most  marked  in  the  dependent  parts  of 
the  sinus  (Fig.  8). 

Small  Cell  Infiltration. — This  varies  markedly  in  situation,  in 
degree,  and  in  the  character  of  the  cells :  in  some  cases  there  is  marked 
(edema  and  marked  small  cell  infiltration.  Again,  the  infiltration 
may  be  confined  to  that  part  of  the  submucous  layer  which  lies 
just  under  the  basement  membrane  (Fig.  6),  or  it  may  be  more  or 
less  evenly  distributed  over  the  whole  thickness  of  this  tissue,  or 
it  may  be  in  places  aggregated  into  lymph  nodules.  I  have  not 
observed  it  specially  marked  in  the  deepest  laj'er  of  the  submucosa, 
])ut  such  appearances  have  been  reported  by  Oppikofer.  In  some 
cases  the  submucosa  resembles  embryonic  connective  tissue  (Fig.  14). 
The  great  majority  of  the  cells  are  lymphocytes  :  this  is  interesting, 
because  cytological  examination  of  the  fluid  washed  out  of  the 
maxillary  artrum  and  nose  by  puncture  through  the  outer  wall  of 
the  inferior  meatus  frequently  shows  the  cellular  elements  to  consist 
almost  entirely  of  polymorphs.  I  do  not  pretend  to  be  able  to 
explain  this  discrepancy,  but  I  think  that  it  is  important  in  these 
cases  to  use  a  stout  hollow  needle  which  can  be  fitted  on  to  the  barrel 
■cii  an  evacuating  syringe,  so  that  any  discharge  jiresent  in  the  antnmi 
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Fig.  9. — Superficial  epithelium  from  case  of  chronic 
maxillary  antral  suppuration,  x  1000  diam.  i. 
Leucocytes  making  their  way  to  the  surface  through 
the  epithelial  layer.  Notice  the  catarrhal  exudation 
on  surface. 


Fig.    10. — Mucous   mm  i    maxillary  antrum 

from  a  case  of  chroii.     -  ,  .  ^e  catarrh,      x  300 

diam.  i.  Metaplasia  ot  superficial  epithelium — 
approach  to  squamous  type.  2.  Complete  loss  of 
epithelium — the  basement  membrane,  however,  re- 
mains. 


IG.  II. — On  the  right  is  seen  the  inliltrated  lining  mem- 
brane of  the  air-cell  in  the  middle  turbinal.  From  a 
case  of  chronic  ethmoidal  suppuration,  x  50  diam. 
I.  Small-cell  infiltration  is  very  dense,  but  oedema  is 
slight.  2.  Columnar  epithelium.  3.  Small  vein  show- 
ing fibrous  thickening  of  wall. 


t:.  12. — Chronic  suppur.itivo  c.^l.inh  ot  the  in.ixillary 
antrum,  x  joo  diam.  i.  Small-cell  infiltration  of  con- 
nective tissue.  2.  Catarrhal  secretion  in  gland  duct. 
3.  Condensation  of  fibrous  tissue  around  duct. 


Platk  III.— To  Iii-UsiRATK  Mr 


S.  Kraser's  Paper  on  Thb  Histology  of  N.asai.  Accessory 
Sinus  Suppuration. 
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may  be  withdrawn  into  the  syringe  and  examined  without  the  risk 
of  contamination  by  the  mucopus  and  micro-organisms  present 
in  the  nose. 

Glands. — The  gland-ducts  in  the  submucous  tissue  may  be 
dilated  and  filled  with  mucus,  degenerated  cells,  and  leucocytes  : 
in  one  case  I  observed  marked  fibrous  thickening  round  the  ducts 
(Fig.  12).  Cysts  are  occasionally  found  in  the  submucous  tissue 
(Fig.  13)  ;  these  are  filled  with  homogeneous  "  colloid  "  material, 
and  lined  by  cubical  cells  ;  they  are  of  course  due  to  blockage  of 
the  gland  ducts,  and  are  said  to  be  more  frequent  in  the  antrum  than 
in  the  frontal  sinus  :  they  are  not  diagnostic  of  chronic  suppuration 
according  to  Oppikofer.  Goetjes  frequently  observed  cysts  in  the 
sphenoidal  sinus  mucosa. 

Changes  in  the  Vessels. — The  great  engorgement  characteristic 
of  acute  inflammation  is  not  present  in  chronic  cases  to  the  same 
extent,  but  still  a  certain  amount  of  vascular  dilatation  is  to  be 
observed.  Thickening  of  the  vessel  walls  was  observed  in  one  of 
my  cases,  and  Oppikofer  has  described  hyaline  changes  in  the  walls 
in  otherwise  healthy  (presumably  non-syphilitic)  people.  I  have 
observed  one  such  case.  The  small  cell  infiltration  is  usually  very 
marked  round  the  vessels.  Old  haemorrhages  are  not  infrequently 
seen  in  the  submucous  tissue,  and  deposits  of  pigment  are  also 
found  (Fig.  15). 

Changes  in  the  Bone. — In  the  cases  of  antral,  sphenoidal,  and 
frontal  suppuration  the  bony  wall  of  the  sinus  was  not  included  in 
the  tissue  examined,  but  out  of  the  eight  ethmoidal  cases  osteoclasts 
were  found  in  only  one  instance.  Bone  disease  may  be  present 
in  accessory  sinus  suppuration,  but  it  is  not  an  essential  change,  and 
is  due  to  the  more  or  less  gradual  spread  of  the  inflammatory  process 
from  the  surface  through  the  mucous  membrane.  Griinwald  found 
bone  disease  in  18  per  cent,  of  antral  cases,  and  in  60  per  cent,  of 
ethmoidal  cases,  and  Oppikofer  states  that  the  bone  often  appears 
to  be  eroded  with  numerous  lacunas-like  depressions,  that  lamellar 
formation  is  irregular,  and  bone  cells  are  enlarged  ;  he  states  that 
osteoclasts  are  very  rare.  I  have  observed  them  in  one  case  of 
ethmoidal  suppuration. 

Micro-organisms. — I  have  not  been  able  to  find  organisms  in 
the  tissues  in  a  single  case,  although  numerous  sections  of  all  the 
cases  were  examined  after  staining  by  Gram's  method  in  addition 
to  the  ordinary  stains.  In  the  discharge  lying  on  the  surface, 
organisms  could  occasionally  be  seen.     Dr  Turner  reports  that  Mr 
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Wade  found  organisms  present  in  each  of  four  antral  cases,  and  in 
three  of  these  the  bacteria  were  present  in  the  cells  of  the  mucous 
membrane,  while  in  one  case  there  were  small  abscess  cavities 
crowded  with  cocci  in  the  submucous  tissue.  Lack  expresses  the 
view  that  there  is  no  definite  evidence  at  present  to  show  that  a 
particular  organism  or  mixture  of  organisms  is  associated  with  a 
definite  sort  or  degree  of  inflammation. 

What  is  wanted,  if  we  are  ever  to  obtain  useful  knowledge  as  to 
the  prognosis  and  method  of  treatment  in  a  given  case  of  sinus 
suppuration,  is  an  extensive  investigation  into  the  subject :  if  we 
could,  from  a  large  series  of  cases,  obtain  a  table  giving  the  cause, 
duration,  symptoms,  rhinoscopic  appearances,  cytological  and 
bacteriological  examination  of  the  discharge,  along  with  an  account 
of  the  histology  of  the  mucous  membrane  if  the  case  came  to  radical 
operation,  we  might  be  able  to  make  a  considerable  advance. 

Comparison  of  the  Simple  Inflammatory  Processes  in  the  Upper  Re- 
spiratory Tract,  including  the  Middle  Ear  Cleft. — In  a  paper  published 
in  the  Journal  of  Laryngology  (Aug.  1908)  I  showed  that  in  nasal 
polypus  formation  and  in  inferior  turbinal  hypertrophy  the  con- 
dition was  essentially  one  of  chronic  inflammatory  cedema  or  serous 
exudation  into  the  connective  tissue  spaces  under  the  basement 
membrane  :  the  amount  of  leucocytic  infiltration  is  slight,  while 
the  superficial  epithelium  is,  as  a  rule,  practically  normal.  On 
the  other  hand,  from  the  microscopical  examination  of  the  nasal 
mucosa  in  cases  of  ozoena,  it  is  apparent  that  the  change  in  the 
superficial  epithelium  is  very  marked — large  tracts  are  converted 
into  squamous  epithelium,  and  keratinisation  of  the  superficial 
cells  is  sometimes  present  ;  the  glands  are  atrophied,  and  there  is 
intense  leucocytic  infiltration  of  the  submucous  tissue  ;  cedema 
on  the  other  hand  is  absent.  We  find,  however,  not  infrequently 
that  the  inferior  turbinal  shows  typical  atrophic  changes,  while  the 
middle  turbinal  shows  a  polyploid  condition — a  fact  which  supports 
my  view  of  the  pathology  of  these  conditions. 

In  the  accessory  sinuses  similar  changes  may  be  met  with — 
thus,  two  of  my  cases  show  cedema  of  the  submucous  tissue  with 
intact  epithelium  and  little  or  no  leucocytic  infiltration  (Figs. 
5  and  8).  Kahn  also  remarks  on  the  similarity  of  one  of  his  cases 
to  nasal  polypus  formation.  On  the  other  hand,  many  sinus  cases 
that  come  to  the  radical  operation  show  changes  which  closely 
correspond  to  such  conditions  as  suppurative  rhinitis  or  ozcena. 
In  these  cases  wo  have  dense  leucocytic  infiltration  with  marked 
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changes  in  the  superficial  epithelium  (loss  of  cOiated  layer,  etc.). 
It  is  of  course  obvious  that  the  accessory  cavities  are  not,  like  the 
nose,  subject  to  the  drying  influence  of  the  air  currents,  and  are  not 
so  liable  to  mixed  infection  ;  consequently  we  do  not  meet  with 
the  foul-smelling  dry  crusts  in  the  accessory  sinuses. 

Catarrh  of  the  mucous  membrane  of  the  accessory  sinuses  is 
much  more  common  than  is  usually  supposed.  Oppikofer  found 
that  about  half  of  his  94  post-mortem  cases  of  sinus  inflammation 
might  be  classified  as  catarrh  and  half  as  suppuration.  All  special- 
ists are  well  acquainted  with  the  type  of  patient  who  comes  com- 
plaining of  nasal  discharge  and  obstruction,  with  perhaps  a  heavy 
feeling  over  the  bridge  of  the  nose  or  glabellar  region.  On  examina- 
tion the  turbinals  are  found  to  be  enlarged — the  middle  turbinal 
polypoid — and  there  is  excess  of  mucopus  in  the  nose.  The  antra 
fail  to  illuminate,  though  the  frontal  sinuses  as  a  rule  light  up  well. 
On  proof  puncture  of  the  antra  only  a  little  mucus  or  flaky  mucopus 
is  washed  out.  The  number  of  cases  which  fail  to  illuminate  is 
too  large  to  be  accounted  for  by  anatomical  causes,  such  as  thick 
bony  wall.  I  do  not,  however,  mean  that  accessory  sinus  catarrh 
is  present  in  all  cases  of  nasal  catarrh,  or  that  nasal  suppuration 
is  to  be  found  in  all  cases  of  sinus  suppuration.  The  position  of 
the  ostia  of  the  accessory  sinuses,  while  it  renders  infection  of  the 
mucosa  of  the  sinus  difficult,  also  tends  to  prevent  the  spontaneous 
cure  of  a  severe  sinus  infection.  The  nasal  mucosa  on  the  other 
hand  is  frequently  affected  by  catarrhal  processes,  but  the  drainage 
conditions  in  the  nose  are  much  more  efficient  than  those  in  the 
accessory  sinuses.  In  short,  the  nasal  mucosa,  though  frequently 
infected,  has  a  great  chance  of  recovery,  while  the  accessory  sinuses, 
though  not  so  exposed  to  simple  or  suppurative  catarrhal  processes, 
are  less  able  to  throw  off  these  conditions  once  they  have  occurred. 

Finally,  although  the  number  of  my  specimens  of  acute  and 
chronic  middle-ear  inflammation  is  small — four  acute  and  nine  chronic 
cases — I  think  that  it  is  possible  to  show  that  the  changes  here  are 
similar  to  those  in  the  nose  and  in  the  accessoiy  sinuses  :  in  other 
words,  we  have  acute  catarrh,  chronic  catarrh  with  oedematous 
swelling,  acute  and  chronic  suppurative  processes.  The  difterence 
between  catarrhal  and  suppurative  processes  is  only  one  of  degree, 
and  there  are  borderland  cases.  Otologists  are  all  familiar  with 
the  type  of  acute  otitis  media  which  occurs  in  children  with  adenoids, 
where  the  tympanic  membrane  is  slightly  congested,  cloudy,  and 
bulging  :    such  cases  may  go  on  to  suppuration  or  they  may  not, 
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and,  even  if  perforation  does  occur,  there  is  only  for  a  day  or  two 
the  escape  of  a  thick  muco-purulent  discharge  in  which  the  mucous 
element  predominates.  Such  cases  are  on  the  borderland  of  what 
is  called  "  catarrh  "  and  what  is  called  "  suppuration,"  and  from 
this  mild  type  we  have  all  grades  of  severity  up  to  those  malignant 
cases  in  which  within  a  few  days  the  tympanic  membrane  is  almost 
entirely  lost  and  bone  disease  occurs  in  the  ossicles  and  in  the  walls 
of  the  middle-ear  cleft — more  especially  in  the  mastoid  cells,  where 
the  drainage  is  least  efficient.  Nager  has  confirmed  the  observations 
of  Burckhardt-Merian  and  others  that  there  is  a  parallel — if  not 
indeed  an  etiological  connection — between  the  severe  nasal  and 
pharyngeal  affection  of  scarlet  fever  and  the  different  forms  of  middle- 
ear  suppuration.  Nager  has  very  seldom  observed  a  severe  scar- 
latinal diphtheria  of  the  nose  and  pharynx  without  participation  of 
the  middle  ear.  Again,  we  know  the  type  of  case  in  which  after 
signs  of  acute  inflammation  have  been  observed  in  the  tympanic 
cavity,  the  membrana  tympani  and  hearing  power  return  to  normal, 
but  the  mastoid  inflammation  continues,  and  an  abscess  forms. 
Neumann  and  Ruttin  have  shown  that  the  diplococcus  mucosus 
capsulatus  is  the  organism  present  in  many  of  these  cases.  Such 
cases  appear  to  correspond  to  those  of  maxillary  antral  suppuration 
in  which  the  nasal  cavities  present  normal  appearances.  Finally, 
I  venture  to  suggest  that  in  the  classification  of  acute  and  chronic 
simple  inflammatory  processes  in  the  upper  respiratory  tract  (in- 
cluding the  middle-ear  cleft)  it  would  be  well  to  consider  the  changes 
not  only  in  the  submucous  tissue,  as  Eschweiler  has  proposed,  but 
also  in  the  epithelial  covering.  Under  the  heading  of  Simple 
Catarrh  we  might  include  cases  with  cedema  of  the  submucosa 
with  slight  alteration  of  the  superficial  epithelium  and  only  moderate 
leucocytic  infiltration  of  the  submucous  tissue ;  under  the  heading 
of  Suppurative  Catarrh  we  might  include  four  more  or  less  distinct 
conditions,  (i)  cases  with  little  or  no  cedema  and  only  slight  epithelial 
changes,  but  with  marked  leucocytic  infiltration  (Fig.  ii),  (2)  cases 
similar  to  the  above,  except  that  the  epithelium  has  undergone 
metamorphosis  or  is  almost  entirely  absent  over  large  areas,  {3) 
cases  with  marked  tcdema  and  leucocytic  infiltration,  but  with 
slight  epithelial  changes,  (4)  cases  with  marked  redema  and 
leucocytic  infiltration,  hut  with  extensive  changes  in  the  epithelial 
layer. 

In  conclusion  I  should  like  to  express  my  thanks  to  the  Royal 
College  of  Physicians  (Edinburgh)  for  kindly  allowing  me  to  work 


G.  13. — Mucosa  of  maxillary  antrum  from  case  of 
chronic  suppurative  catarrh.  x  about  20  diam. 
I,  Superficial  epithelium.  2.  Dense  small-cell  in- 
filtration of  submucosa.  3.  Cystic  space  (lined  by 
cuboidal  cells).     4.  Colloid  secretion  in  the  cyst. 


Fig.  14. — Mucous  uiembrane  of  antruui  from  case  of 
chronic  suppuration,  x  about  300  diam.  i.  Leuco- 
cytes passing  through  epithehal  layer  to  the  surface. 
2.  Purulent  secretion.  3.  Epithelium  showing  loss  of 
ciliated  layer.     4.  Engorged  blood-vessels. 


G.  15.  —  Mucous  membrane  of  maxili;ir\-  aniiuni  iiom 
case  of  chronic  suppurative  catarrh,  x  60  diam. 
I.  Catarrhal  secretion  on  surface.  2.  Superficial 
epithelium.     3.  Hemorrhages  in  submucous  tissue. 


KiG.  16. — Mucous  membrane  of  frontal  sinus  from  case 
of  rhinitis  ciseosa.  x  50  diam.  Shows  fibrous  change 
in  submucous  tissue,  i.  Loss  of  superficial  Kwers  of 
epithelium.     2.  .Almost  normal  epithelium. 


Plaie  IV.— To  Illustrate  Mr  J.  S.  Eraser's  Paper  on  The  Histology  of  Nasal  Accessory 
Sinus  Suppuration. 
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in  the  Laboratory,  to  Dr  James  Ritchie  for  his  advice  and  help  in 
the  preparation  of  this  paper,  and  to  the  Carnegie  Trustees  for 
providing  the  photomicrographs. 
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ANEURISM  OF  THE  ANTERIOR  CEREBRAL  ARTERY, 
WITH  UNUSUAL  PROLONGATION  OF  LIFE 
AFTER    RUPTURE:     AUTOPSY. 

(With  Plates  22  and  23.) 

By   ALEXANDER    BRUCE,    M.D.,  F.R.C.P.E.,    Physician    to    the    Royal 

Infirmary,    Edinburgh;    J.     H.     HARVEY    PIRIE,     B.Sc,    M.D., 

Clinical     Tutor     in     the     Royal    Infirmary,    Edinburgh ;    and     W. 

KELMAN     MACDONALD,  "m.B.,    Ch.B.,    Resident    Physician    in 

the    Royal    Infirmary,   Edinburgh. 

The  following  case  of  rupture  of  an  intracranial  aneurism  appears 

to  us  to  be  of  sufficient  interest  from  the  clinical  and  pathological 

aspects  to  merit  publication  : — 

A.  E.,  single,  33  years  of  age,  smith,  was  admitted  to  the 
Royal  Infirmary  on  18th  April  1908  in  a  state  of  unconscious- 
ness, which  was  said  to  have  lasted  about  two  hours.  At 
11.30  A.M.  he  had  become  suddenly  ill,  and  the  foreman,  who 
had  been  called  to  see  him,  found  him  at  his  bench  leaning 
forwards  and  supporting  himself  by  his  extended  arms.  His 
face  was  flushed,  and  beads  of  perspiration  stood  ou  his  forehead. 
He  liad  been  ill  for  three  or  four  minutes,  was  quite  conscious,  and 
said  that  he  had  had  a  similar  attack  one  week  before  from  which 
he  had  recovered  in  a  few  minutes,  as  he  expected  he  would  be 
able  to  do  in  this  case.  He  complained  of  great  pain  in  the 
head  and  back  of  the  neck,  and  of  great  giddiness.  With 
assistance  he  was  able  to  walk  out  into  the  open  air.  He  sat 
down  for  about  ten  minutes,  and,  feeling  better,  started  to  walk 
home  in  company  with  a  boy.     After  he  had  gone  about  300 
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yards,  however,  he  was  unable  to  proceed  further,  and  the  fore- 
man, on  being  called  by  the  boy,  found  him  lying  unconscious  in 
the  street,  assisted  him  into  a  cab,  and  brought  him  immediately 
to  the  Royal  Infirmary,  which  he  reached  in  a  state  of  complete 
unconsciousness. 

When  examined  on  admission,  patient  was  lying  on  his 
back  with  his  arms  by  his  sides  and  his  legs  extended.  The 
face  was  slightly  congested,  the  eyelids  half  closed,  and  the 
palpebral  apertures  equal  in  size.  The  pupils  were  contracted, 
quite  circular,  and  equal  in  size.  They  reacted  to  light  only  to 
a  slight  degree,  if  at  all.  Both  conjunctivai  were  quite  in- 
sensitive to  touch.  The  eyeballs  were  not  prominent,  and  did 
not  move  at  all.  The  mouth  was  shut.  There  was  a  small 
amount  of  frothy  saliva  between  the  lips.  The  lips  were  not 
livid,  but  were  blown  out  with  each  expiration.  The  breathing 
was  irregular  both  in  rhythm  and  in  depth  of  inspiration,  but 
there  was  no  stertor.  Coarse  rhonchi  in  the  lungs  masked  the 
character  of  the  breathing,  but  it  was  possible  on  auscultation  to 
hear  a  slight  systolic  murmur  at  the  mitral  niea.  There  was  no 
abnormal  percussion  dulness,  and  no  want  of  expansion  of  the 
chest,  and,  as  far  as  could  be  ascertained  from  sounds  made  on 
respiration,  no  alteration  of  vocal  fremitus  or  resonance. 

The  arms  lay  along  the  sides  of  the  trunk,  but  there  were 
frequent  spasms  in  which  they  wei-e  forcibly  extended  at  the 
elbow  and  drawn  to  the  side  of  the  chest,  or  even  in  front  of  it. 
The  forearms  were  very  forcibly  pronated,  so  that  the  backs  of 
the  hands  were  directed  towards  each  other.  The  wrists  were 
flexed,  and  the  fingers  were  fully  flexed,  causing  the  hand  to  be 
tightly  clenched,  the  thumbs  being  strongly  adducted  against  the 
index  fingers. 

During  these  tonic  spasms  the  lower  extremities  were 
tonically  extended,  and  there  was  slight  extension  at  tlie  ankle 
joints  and  inversion  of  the  feet.  The  lower  extremities  were  not 
affected  during  every  seizure. 

The  spasms  lasted  a  few  seconds,  were  usually  accompanied 
by  a  loud  expiratory  effort  and  puffing  out  of  the  cheeks,  but  the 
facial  muscles  were  otherwise  not  involved. 

The  breathing  was  at  the  rate  of  about  30  per  minute,  and 
was  quiet  in  the  intervals  between  the  spasms.  The  mouth 
was  kept  shut,  and  any  attempt  to  open  it  was  strongly  resisted. 
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The  head  tended  to  rotate  to  the  left  side,  and  the  chin  was 
approximated  to  the  left  shoulder.  The  attitude  of  the  patient 
afler  each  spasm  was  almost  exactly  that  represented  by  PI.  22, 
Fig.  1}  The  position  of  the  arms  during  the  spasm  is  very 
similar  to  that  depicted  in  Fig.  175  in  Vol.  II.  of  Gower's 
"  Diseases  of  the  Nervous  System,"  2nd  Edition,  which  represents 
the  phase  of  tonic  immobility  or  tetanism  during  the  first  or 
epileptoid  period  of  hysteria  major,  and  is  reproduced  from 
Richer's  "Etudes  Cliniques  sur  I'Hystero-Epilepsie  ou  Grand 
Hysteric."  The  shoulders  were  less  raised  and  the  contractions 
less  intense,  but  the  relative  positions  of  the  forearm  and  hands, 
and  the  clenched  attitude  of  the  fingers,  were  similar  in  both 
cases. 

The  reflexes  in  the  lower  extremities  showed  a  slight 
exaggeration.  There  was  ankle  clonus  on  both  sides,  but  both 
plantar  reflexes  were  of  the  flexor  type. 

The  axes  of  the  two  eyes  were  not  parallel,  there  being  a 
slight  divergent  strabismus. 

The  pulse  was  about  70  per  minute,  regular  in  rhythm,  of 
good  force  and  moderate  expansion.  The  tension,  as  measured 
by  Gaertuer's  tonometer,  was  95  mm.  Hg. 

The  temperature  was  9  6  "4. 

It  was  ascertained  from  his  relatives  that,  with  the  exception 
of  the  attack  above  referred  to,  his  previous  health  had  generally 
been  good,  but  that  there  was  a  slight  tendency  to  tuberculosis 
in  his  family  history. 

The  condition  remained  more  or  less  as  above  described  from 
about  half-past  twelve  until  three  o'clock.  The  respirations 
tended  to  assume  the  Cheyne- Stokes  character.  The  tempera- 
ture remained  about  96-6  ;  the  patient  still  lay  on  his  back, 
breathing  noisily  and  rapidly.  By  3.30  the  pulse  had  risen  to 
100  ;  the  respirations  were  more  definitely  of  a  Cheyne-Stokes 
character,  and  at  the  height  of  the  cycle  the  arms  and  legs 
tended  to  become  rigid  and  the  back  to  be  arched.  At  that 
time  the  temperature,  which  had  begun  to  rise,  had  reached 
98-2°,  and  by  four  o'clock  had  registered  lOOS".     There  was  free 

'  This  is  not  a  photograph  of  the  patient  himself,  hut  is  one  of  the  case 
observed  by  one  of  ns  (A.  B. ),  and  described  by  Bruce  and  Drummond  in  the 
Kevieio  of  Neurol,  and  Psy child.,  vol.  ii.,  p.  737.  It  had  been  mislaid  when  that 
case  was  published. 
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perspiration  on  the  face  and  over  the  front  of  the  chest.  The 
patient  began  to  perform  lateral  and  vertical  chewing  move- 
ments. 

By  4.30  P.M.  the  temperature  had  reached  101'4° ;  the  pulse 
was  110;  respirations  45  per  minute  on  an  average,  varying 
from  30  to  65  per  minute  according  to  the  phase  of  the  cycle  at 
which  it  was  counted.  The  Cheyne-Stokes  character  was  then 
even  more  pronounced. 

As  the  temperature  was  rising  so  rapidly  and  ominously,  ice 
was  applied  to  the  trunk  and  limbs,  with  the  result  that  the 
temperature  fell  from  101'6°  to  97'6°,  and  the  pulse  from  120 
to  90,  the  respirations  remaining  at  48  per  minute.  After  the 
application  of  the  ice,  the  spasms  and  chewing  movements 
ceased.  Loud  rhonchi  were  heard  over  all  the  chest,  obscuring 
the  heart  sounds. 

The  urine,  which  had  been  drawn  off  by  catheter  previous  to 
the  application  of  the  ice,  had  a  specific  gravity  of  1033,  and 
showed  a  trace  of  albumen,  but  no  other  abnormal  constituent. 

Lumbar  puncture  was  performed,  and  25  c.c.  of  a  brownish 
red  fluid  were  drawn  off  under  high  pressure.  This  fluid  was 
obviously  composed  of  blood  and  cerebro-spinal  fluid  mixed,  and, 
after  standing  in  the  test-tube,  the  solid  elements  began  im- 
mediately to  settle,  and  the  precipitation  was  almost  completed 
in  two  hours.  On  examination  it  was  found  that  albumen  was 
present  in  large  amount.  No  sugar  was  present,  but  there  was 
a  distant  though  partial  reduction  with  Fehling's  reagent,  a 
greenish  colour  with  flaky  precipitate  being  produced  on  heating. 
Hlood  was  present,  the  guaiac  test  being  positive.  On  microscopical 
examination  the  films  showed  : 

(1)  Large  number  of  crenated  red  blood  corpuscles;  (2)  a 
few  polymorpho-nuclear  leucocytes  ;  (3)  a  few  lympliocytes  ;  and 
(4)  a  few  large  mononuclear  cells. 

The  red  blood  corpuscles  were  the  most  striking  corpuscular  ele- 
ments in  the  films.  Many  were  perfect  in  shape  and  size,  and  many 
were  reduced  to  the  merest  broken-down  shell  of  an  erythrocyte. 
All  gradations  between  the  two  limits  were  found,  very  many  of 
tlie  corpuscles  being  beautifully  crenated,  although  the  fluid  was 
microscopically  examined  as  soon  as  it  was  obtained.  The  white 
cells  present  were  polymorphs,  lymphocytes,  and  large  mono- 
nuclears :  none  of  those  which  were  phagocytic  showed  any  organ- 
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isms  in  their  interior.  In  some  films  there  were  some  staphylococci 
(few)  and  a  few  rod-shaped  organisms,  but  none  were  very  definite, 
and  none  were  intracellular.  Their  presence  was  probably  due 
to  accidental  contamination.  When  the  fluid  was  cultured,  these 
organisms  proved  to  be  staphylococci  (albus  and  aureus). 

At  8.30  the  temperature  was  still  98'8.  The  patient  was 
perspiring  freely.  The  pupils  were  moderately  dilated,  the  right 
being  greater  than  the  left.  Their  outline  was  not  quite  circular. 
The  jaws  were  firmly  clenched. 

At  9  p.>[.,  the  breathing  was  much  quieter,  and  the  spasms 
had  ceased  since  eight  o'clock,  with  the  exception  of  the  chewing 
movements  and  some  movements  of  the  tongue.  The  conjunctival 
reflexes  had  returned  on  both  sides. 

By  9.20  the  pupils  had  begun  to  react  to  light,  and  the 
breathing  had  become  more  quiet  and  regular,  altogether  without 
stertor.  This  improvement  in  the  condition  remained  fairly  con- 
stant until  eight  o'clock  on  the  following  evening,  the  19th,  when 
the  patient  looked  considerably  improved,  but  about  9.30  P.M. 
the  face  became  more  congested  and  cyanosed,  the  perspiration 
stood  in  beads  on  his  forehead,  the  temperature  suddenly  fell 
from  98°  to  96.8°,  and  by  10  p.m.  it  had  fallen  as  low  as  95^ 
During  the  same  time  the  respirations  had  increased  from  38  to 
48  per  minute,  and  the  pulse  from  124  to  160,  and  at  times  it 
became  so  frequent  that  it  was  difficult  to  count  it.  The  arms 
lay  flaccid  by  the  sides  of  the  trunk,  free  from  spasms  or  twitch- 
ings  of  any  kind.  The  pupils  were  dilated,  but  were  circular 
and  equal.  The  contraction  to  light  was  practically  gone,  and 
the  conjunctivae  were  quite  insensitive.  The  coma  was  now 
much  deeper  than  on  admission. 

Hot  water  bottles  were  placed  round  the  patient,  and  the 
pulse  gradually  improved  in  strength  and  slowed  down  to  about 
150.  The  respirations  became  deeper  and  less  noisy  than  they 
had  been,  and  the  temperature  began  again  to  rise,  becoming 
normal  by  11  p.m.  By  midnight  the  immediate  danger  seemed 
to  have  passed,  but  the  coma  continued.  Rhonchi,  sonorous  and 
sibilant,  were  heard  all  over  the  chest,  and  slight  percussion  dul- 
ness  appeared  at  the  bases  posteriorly.  Patient  was  fed  with  egg 
and  milk  by  means  of  the  nasal  tube. 

By  4  A.M.  of  the  20th,  the  patient  had  further  improved. 
His  temperature  was  97"ti°  ;  respirations,  32;  pulse,  130.     The 
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pupils  both  reacted  slightly  to  light,  and  were  circular.  The 
conjunctiva;  were  again  sensitive. 

A  certain  degree  of  improvement  in  the  condition  continued 
until  4.30  P.M.,  when  there  was  a  slight  aggravation  of  the 
.symptoms.  By  8  p.m.  it  was  noted  that  the  lower  extremities 
were  now  quite  flaccid,  and  no  deep  reflexes  could  be  obtained. 
The  plantar  reflex  was  difficult  to  elicit,  but  was  of  the  flexor 
type  on  both  sides.  The  upper  extremities  were  quite  free  from 
spasms.     The  condition  of  the  heart  and  lungs  remained  as  before. 

On  the  21st  it  was  noticed  that  the  flaccidity  of  the  lower 
extremities  was  less  marked,  and  that  while  there  were  no  actual 
spasms  in  the  upper  limbs,  the  tonicity  of  the  muscles  was  slightly 
increased. 

At  6  A.M.  there  was  a  rise  of  temperature  to  101,  which  was 
met  by  the  external  application  of  ice  and  iced  water.  During 
the  forenoon  the  comatose  condition  gradually  became  less  deep, 
the  eyes  were  opened,  the  eyeballs  moved,  and  an  impression  was 
made  upon  his  relatives  during  their  visits  that  he  seemed  to 
recognise  them.  The  upper  and  lower  extremities  showed  some 
degree  of  tonicity,  and  there  was  a  slight,  feeble  response  to 
stimulation  of  any  part.  The  deep  reflexes  again  reappeared,  and 
were  somewhat  exaggerated.  The  superficial  reflexes  were  all 
present,  the  plantar  reflex  being  still  of  the  flexor  type. 

The  improvement  which  had  set  in  during  this  day  was 
maintained.  The  patient  appeared  to  he  conscious.  Although 
he  was  not  able  to  speak,  he  followed  with  his  eyes  the  move- 
ments of  his  relatives  who  came  to  see  him.  It  was  thought  that 
he  made  a  voluntary  attempt  to  expectorate  the  mucus  accumulating 
in  his  pharynx. 

On  the  22nd  the  plantar  reflexes  became  extensor  in  character  ; 
the  rhonchi  disappeared  from  the  lung,  and  the  percussion  dulness 
from  the  base.  The  systolic  murmur  could  no  longer  be  recog- 
nised in  the  mitral  area.  The  urine  passed  by  the  patient 
retained  practically  the  same  character  as  before. 

From  the  23rd  to  the  28th  of  April  the  patient  lay  in  the 
condition  above  described.  There  were  no  convulsions  and  no 
spasms  of  any  kind.  The  temperature  varied  somewhat,  and  each 
time  it  rose  above  101°  F.  towels  with  iced  water  were  applied. 
They  invariably  reduced  the  temperature  to  about  99'.  On  the 
23rd   of  April  iced  towels  were  used   9  times;    on   the   24th, 
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9  times  ;  on  the  25th,  26th,  and  27th,  7  times  ;  and  on  the  28th, 
5  times,  and  in  every  instance  the  application  was  followed  by  a 
fall  of  temperature.  On  several  occasions  the  patient  so  far 
recovered  as  to  seemingly  recognise  his  friends,  but  he  never 
spoke,  although  he  frequently  appeared  to  be  on  the  point  of 
saying  something.  When  anyone  approached  his  bed,  he  looked 
at  the  visitor  and  quite  consciously  followed  his  or  her  movements 
round  the  bed,  the  movements  of  the  eyeballs  being  well  carried 
out.  At  other  times  he  was  less  conscious,  and  lay  on  the  bed 
taking  absolutely  no  notice  of  anything  or  anybody. 

By  a  second  lumbar  puncture,  made  on  the  27tli,  15  c.c.  of 
fluid  was  obtained.  It  flowed  freely  and  appeared  essentially 
similar  in  character  to  that  previously  obtained,  and  microscopical 
and  bacteriological  examinations  gave  similar  results. 

Examination  of  the  blood  showed  that  the  red  blood  corpuscles 
were  between  4,300,000  and  4,500,000.  Htemoglobin  remained 
steady  at  80  per  cent.  White  blood  corpuscles  were  :  on  the 
23rd,  14,000  ;  on  the  24th,  17,000  ;  on  the  2Gth,  19,000  ;  on 
the  28th,  27,000.  The  differential  count  showed  about:  poly- 
morphs, 70  per  cent.;  lymphocytes,  19  per  cent.;  mononuclears, 

10  per  cent. ;  eosinophiles,  1  per  cent.  The  average  blood 
pressure  by  Gaertner's  tonometer  remained  at  95°. 

On  the  29th  the  condition  became  more  grave  ;  the  limbs 
became  quite  flaccid  ;  the  eyelids  remained  incompletely  closed, 
the  divergent  strabismus  being  present,  but  the  eyes  tended  to 
show  asynchronous  movements.  The  pupils  were  moderately 
dilated,  the  right  being  larger  than  the  left.  They  did  not  react 
to  light.  The  conjunctiva  were  insensitive  to  touch.  The  upper 
and  lower  limbs  were  flaccid  ;  there  were  no  reflexes  to  pinching. 
Ehonchi  and  crepitations  were  again  heard  all  over  the  chest. 
The  coma  deepened,  and  the  patient  died  quietly  at  6  p.m.  on  the 
29th,  having  lived  twelve  days  after  the  initial  onset  of  the 
symptoms. 

Autopsii. — The  autopsy  revealed  evidence  of  incompetence  of 
the  mitral  and  tricuspid  valves  of  the  heart.  There  were  on  the 
cusps  of  the  mitral  valve  several  large  nodules  of  old  endocarditis 
on  the  opposed  surfaces.  The  lungs  indicated  a  degree  of  con- 
gestion in  the  lower  lobes,  and  the  kidneys  showed  evidence  of 
slight  sub-acute  nephritis. 

Spinal  Cord. — The  dura  mater  was  somewhat  tense.     Under 
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the  arachnoid  a  thin  layer  of  blood-stained  fluid  covered  the  cord 
throughout  its  whole  length.  A  few  small  calcareous  plates 
were  found  in  the  arachnoid  in  the  lumbo-sacral  region.  When 
the  layer  of  blood  under  the  arachnoid  was  removed,  the  meninges 
had  a  rusty-red  tinge.  There  was  great  tortuosity  of  the  veins 
of  the  posterior  surface  of  the  cord.  The  consistence  of  the 
cord  was  slightly  reduced  in  the  dorsal  and  cervical  regions ;  in 
the  lumbar  region  it  was  fairly  firm.  On  section  of  the  cord,  in 
the  lumbar  region,  the  anterior  cornua  were  found  to  be  some- 
what congested.  There  were  no  hemorrhages  visible  to  the 
naked  eye.  On  dividing  the  upper  extremity  of  the  cord  from 
the  medulla,  as  soon  as  the  arachnoid  was  incised  a  large  quantity 
of  blood  welled  out  from  underneath  this  membrane  through  the 
foramen  magnum. 

Brain. — On  opening  the  skull,  and  dividing  the  dura  mater, 
the  remains  of  the  blood  which  had  escaped  from  the  foramen 
magnum  was  found  in  the  sub-arachnoid  space,  the  sulci, 
especially  on  the  right  side,  containing  a  large  quantity  of  blood- 
stained fluid,  and  the  summits  of  the  convolutions  in  the  lower 
frontal,  temporal  and  opercular  regions  being  separated  from  the 
arachnoid  by  a  thin  layer  of  blood.  Over  the  whole  of  the 
vertex  minute  bubbles  of  gas  were  found  in  the  sub-arachnoid 
space.  The  arteries  at  the  base  of  the  brain  were  all  normal, 
and  the  veins  of  the  vertex  were  greatly  engorged. 

On  making  a  longitudinal  transverse  section  through  the 
brain  below  the  level  of  the  corpus  callosum,  it  was  found  that 
the  two  septa  lucida,  the  fornix  and  almost  the  whole  length  of 
the  corpus  callosum  had  been  ploughed  through  by  a  h;vmorrhage 
which  had  evidently  arisen  from  between  the  lower  part  of  the 
two  frontal  lobes  and  had  passed  upwards  and  backwards, 
its  progress  above  being  arrested  merely  by  tlie  pia  arachnoid 
covering  the  corpus  callosum  between  the  two  hemispheres. 
Some  of  the  blood  had  also  entered  the  lateral  ventricles,  and 
had  coagulated  there  without,  however,  either  tearing  up  or  even 
seriously  compressing  the  basal  ganglia.  The  blood  did  not 
appear  to  have  passed  backwards  through  the  aqueduct  of 
Sylvius  into  the  fourth  ventricle.  Tiie  main  mass  of  the  extra- 
vasated  blood  had  evidently  found  its  way  directly  into  the 
sub-arachnoid  space,  and  had  spread  freely  through  this  space 
along  tlie  lines  of  least  resistance,  filling  up  tlie  sulci,  the  sub- 
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arachnoid  cisterns,  and  raising  the  membrane  from  the  convolu- 
tions, passing  backwards,  and,  to  some  extent,  seeking  an 
entrance  into  the  fourth  ventricle  from  the  foramen  of  Majendie, 
and  also  passing  along  the  spinal  cord  under  the  arachnoid. 

On  making  transverse  sections  through  the  basal  half  of  the 
cerebrum,  after  the  brain  had  been  carefully  hardened  in  a 
7  per  cent,  solution  of  formalin,  a  firm  clot  of  blood  was  found 
between  the  two  frontal  lobes.  This  had  evidently  been  the 
starting-point  of  the  great  extravasation  just  described,  for  when 
a  part  of  the  clot  was  carefully  washed  away  by  a  gentle  stream 
of  water,  an  aneurism  on  the  left  anterior  cerebral  artery  was 
■exposed  (PI.  22,  Fig.  2).  This  aneurism  was  almost  spherical 
in  shape,  and  about  the  size  of  a  small  pea — 5-G  mm.  in 
diameter.  It  was  carefully  removed  along  with  an  adjacent 
portion  of  the  brain  cortex,  and  after  some  further  fixation  it 
was  embedded  in  paraffin  and  cut  into  serial  microscopical 
sections.  From  these  it  was  ascertained  that  the  aneurism  was 
situated  in  the  fork  produced  by  the  Y-shaped  division  of  the 
anterior  cerebral  artery  into  two  branches.  It  had  formed  on 
one  of  these  branches  just  at  the  point  of  division  (PL  23, 
Fig.  3).  Beyond  the  limits  of  the  aneurism,  the  main  artery 
and  its  branches  were  almost  completely  normal  in  their  structure, 
except  at  two  points,  which  will  be  immediately  referred  to. 
There  was  no  trace  of  any  thickening  or  degeneration  of  any  of 
the  coats  of  the  arteries,  and,  as  already  stated,  the  arteries  at 
the  base  of  the  brain  were  almost  normal. 

The  aneurism  was  seen  to  be  composed  of  two  parts  :  (1)  a 
small  primary  sac  (b  c,  PL  23,  Figs.  3,  4,  5)  formed  by  a 
local  dilatation  of  the  wall  of  the  artery  from  which  it  arose ;  and 
(2)  a  somewhat  larger  secondary  sac,  or  false  aneurism  (d  in 
Figs.  4,  5,  and  6),  which  had  arisen  by  rupture  from  the 
preceding  sac.  Its  walls  were  formed  merely  by  the  condensed 
tissue  of  the  pia  ai'acimoid,  and  its  cavity  was  almost  completely 
filled  by  mixed  blood  clot.  On  one  side  of  this  there  was  a 
further  coagulum  formed  by  blood  wiiich  had  escaped  into  the 
general  mesh-work  of  the  pia  arachnoid  (Figs.  5  and  6). 

Microscopical  examination  of  the  wall  of  the  aneurism 
indicated  that  the  initial  weakening  of  the  vessel  tvhich  led  to  its 
formation  was  due  to  a  localised  defect  in  the  muscidar  coat. 
This  was  most  clearly  evident  at  a  part  of  the  wall  at  which 


458  BRUCE,  PIRIE,  and  MACDONALD 

dilatation  was  just  commencing,  and  where  other  changes  had 
not  been  produced  to  complicate  the  picture,  and  the  same 
condition  was  also  observed  in  one  or  two  small  aneurismal 
dilatations  of  the  other  branch  of  the  anterior  cerebral  artery  at 
a  little  distance  from  the  main  division.  The  nature  of  the 
defect  of  the  middle  coat  is  shown  in  Fig.  3,  and  also  in  Figs.  7 
and  8.  At  c  in  Fig.  3,  and  in  Fig.  7,  which  is  a  more  highly 
magnified  view  of  the  same  part  of  the  wall  of  the  sac,  it  is  seen 
that  the  middle  coat  is  simply  absent,  and  that  the  adventitia 
and  the  intima  are  in  direct  apposition.  There  is  no  indica- 
tion of  any  pathological  change  in  either  the  adventitia  or  the 
intima  of  such  a  nature  as  to  have  been  capable  of  causing 
the  disappearance  of  the  media,  and  it  is  seen  that  at  the  margin 
of  the  sac  the  middle  coat  has  become  somewhat  rapidly  thinned 
or  tapered  off.  Over  the  sac  it  is  entirely  absent  until  the 
opposite  margin  is  reached,  when  it  again  begins  to  appear,  and 
to  increase  in  thickness  in  the  same  manner  as  at  the  opposite 
side.  The  adventitia  in  no  way  differs  from  the  normal.  The 
intima  is  slightly  thickened  by  the  proliferation  of  its  endothelium, 
and  by  the  splitting  up  of  the  elastic  lamina  into  a  series  of 
layers  which,  on  cross  section,  appear  as  tortuous  fibrils  (see 
Fig.  8). 

Where  the  bulging  of  the  sac  has  reached  a  higher  degree, 
further  changes  in  the  intima  have  developed,  which  obscure  the 
nature  and  meaning  of  the  changes  in  tlie  middle  coat.  The 
intima  here  (Fig.  3,  h)  has  undergone  an  exceedingly  high  degree 
of  thickening  by  proliferation  of  its  endothelium.  Its  boundary 
from  the  renmants  of  the  media,  can  be  best  determined  in  sections 
which  have  been  stained  for  elastic  tissue  by  Weigert's  fuschin- 
resorcin  method.  It  appears  from  these  that  at  the  two  margins 
of  the  sac  (6),  the  elastic  lamina,  split  and  tortuous,  as  already 
described,  comes  for  a  short  distance  into  immediate  contact  with 
the  adventitia,  and  then  dips  down  between  the  thickened  intima 
and  the  remaining  lamina:'  of  the  muscular  fibres  of  the  middle 
coat.  Even  here  the  remaining  portion  of  the  middle  coat  is 
distinctly  defective. 

The  wall  of  the  more  fully  formed  part  of  the  primary  sac 
showed  a  great  and  irregular  thickening  of  the  endothelium  of 
the  inner  coat,  with  here  and  there  small  remnants  of  the  elastic 
lamina  and  slight   thickening  of  the  adventitia,  but  practically 
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no  indicatiou  of  the  presence  of  non-striped  muscular  tissue.  At 
one  part  of  the  wall  of  the  sac  a  small  rupture  had  taken  place 
and  the  blood  had  escaped  into  the  pia  arachnoid  tissue,  which 
it  had  driven  before  it  and  condensed  into  a  firm  layer  sufficient 
to  resist,  in  the  first  instance  at  all  events,  the  further  progress  of 
the  extravasated  blood,  which  had  to  a  large  extent  become 
coagulated  within  its  sac.  A  small  channel  had,  however,  been 
left  through  which  the  blood  had  escaped  into  the  loose-meshed 
sub-arachnoid  tissue.  A  small  part  of  this  had  coagulated,  and 
is  shown  at  e,  Figs.  4  and  5. 

It  was  found  that  on  the  branch  a'  of  the  anterior  cerebral 
artery  there  were  one  or  two  points  at  which  similar  defects  of 
the  middle  coat  were  associated  with  slight  aneurismal  dilata- 
tions. One  of  these  is  seen  at  i,  Fig.  6.  This,  as  in  the  previous 
case,  was  situated  near  a  point  of  division  of  a'. 

With  regard  to  the  [etiology  of  the  condition,  previous 
observers,  such  as  Oppenheim  (2),  Beadles  (3),  etc.,  have  drawn 
attention  to  the  frequency  with  which  aneurisms  of  the  larger 
cerebral  arteries  arise  from  their  points  of  division  and  from  certain 
other  sites  of  predilection,  and  to  the  relative  frequency  of  the 
occurrence  of  such  aneurisms  in  young  individuals  in  whom  there 
is  no  other  evidence  of  arterial  disease.  The  fact  that  in  this 
case  there  was  complete  absence  of  anything  to  indicate  a 
reason  for  the  looal  disappearance  of  the  middle  coat,  seems 
entirely  to  favour  the  view  that  the  predisposing  cause  of  the 
aneurism  was  a  congenital  defect  of  this  coat. 

From  the  clinical  aspect,  the  case  was  of  unusual  interest  in 
several  respects  :  (1)  The  occurrence  of  a  transitory  attack  of 
giddiness,  with  headache  a  week  previous  to  the  commencement 
of  the  fatal  illness;  (2)  the  sudden  onset  with  unconsciousness 
associated  with  convulsive  seizures  of  a  special  character  with- 
out, in  the  first  instance,  any  definite  paralysis  on  either  side  of 
the  body,  but  witli  a  later  temporary  tiaccidity  of  the  muscles ; 
(3)  the  large  amount  of  blood-stained  cerebro-spinal  fluid  obtained 
by  lumbar  puncture  on  two  occasions ;  (4)  the  duration  of  life 
for  twelve  days  after  the  first  onset ;  and  (5)  the  apparent  partial 
recovery  during  the  illness. 

With  regard  to  the  first  transitory  attack  of  giddiness,  it 
appears  not  improbable  that  this  may  have  been  associated  with 
either  the  first  development  of  the  secondary  sac  or  with  a  slight 
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rupture  of  this  sac  and  the  escape  of  a  limited  quantity  of  blood 
into  the  pia  arachnoid.  If  so  the  quantity  that  had  escaped 
must  have  been  comparatively  small,  for  it  did  not  impair  the 
patient's  faculties  in  any  way. 

The  clinical  history  seems  to  indicate  that  there  must  have 
been  at  least  three  other  occasions  on  which  htemorrhages  had 
occurred,  namely,  on  the  date  of  admission,  on  the  following  day, 
and  on  the  day  preceding  death,  on  all  of  which  there  was  a 
marked  aggravation  of  the  symptoms,  with  signs  of  increased 
intracranial  pressure. 

The  convulsive  seizures  so  exactly  simulated  those  observed 
by  one  of  us  (A.  B.),  and  recorded  in  this  Bcvieic  (loc.  cit.),  as  to 
suggest  a  similar  cause.  The  patient's  condition  after  the  sudden 
onset  seemed  to  indicate  the  probable  existence  of  a  haemorrhage 
into  the  third  and  lateral  ventricles,  but  a  hemorrhage  which 
did  not  destroy  the  internal  capsule  on  either  side,  as  there  was 
neither  hemiplegia  nor  diplegia  at  first.  In  this  case,  therefore, 
it  could  not  have  been  due  to  the  rupture  of  any  of  the  vessels  in 
the  basal  ganglia. 

The  amount  of  blood  removed  by  lumbar  puncture  was  so 
much  greater  than  that  met  with  in  ordinary  cases  of  hemor- 
rhage into  the  ventricles  as  to  suggest  that  the  blood  had 
descended  into  the  spinal  canal  either  under  the  dura  or  under 
the  arachnoid.  The  presence  of  this  large  quantity  of  blood- 
stained fluid  on  lumbar  puncture  and  the  nature  of  the  con- 
vulsions, as  well  as  the  initial  absence  of  hemiplegia  or  diplegia, 
or  of  any  of  the  symptoms  of  cerebral  iKuniorrhage,  suggested 
during  life  the  possibility  of  a  rupture  of  an  intercranial  aneurism. 

The  duration  of  life  after  the  onset  was  very  remarkable,  as 
in  hieraorrhage  into  the  ventricles  sucli  a  duration  is  recorded 
only  in  a  very  small  number  of  cases.  Sanders  (4),  in  his 
valuable  work  on  ventricular  hfemorrhage,  has  found  tliat  in 
aliout  65'7  per  cent,  of  the  recorded  cases  death  has  occurred 
within  twenty-four  hours,  and  in  the  great  majority  of  these  in 
less  than  twelve  hours,  rapid  death  being  the  rule  and  delayed 
death  the  exception.  He  refers  to  three  cases  in  which  death 
was  deferretl  until  the  twelftli  day,  one  in  which  it  did  not 
occur  until  the  eighteenth  day,  and  one  in  which  life  was  pro- 
longed for  a  month.  In  none  of  tlicse  cases  was  there  any 
association  with  aneurism. 
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Sanders  is  inclined  to  explain  the  apparent  improvement 
which  appears  to  be  by  no  means  infrequent  in  cases  of  haemor- 
rhage into  the  ventricles,  by  the  fact  that  the  brain  has  become 
accustomed  to  the  pressure,  and  that  its  function  has  thus 
become  partially  or  completely  restored.  The  improvement 
varies  from  a  very  slight  degree  to  perfect  restoration  of  con- 
sciousness. As  a  rule  it  is  merely  transitory  and  is  followed  by 
a  relapse  ;  it  may  be  from  a  second  h;emorrhage.  In  one  case 
there  was  in  all  probability  a  succession  of  slighter  or  more 
severe  haemorrhages  from  the  aneurism,  to  the  pressure  of  some 
of  which  the  brain  had  become  partially  accustomed  by  the  dis- 
placement of  cerebro-spinal  fluid. 

The  microscopical  investigation  of  this  case  was  made  in  the 
Laboratory  of  the  Royal  College  of  Physicians. 

Description  op  Figdres. 

Plate  22. 

Fig.  1. — To  sliow  attitude  of  wrists  and  hands  immediately  after  a  fit. 
Photograph  of  case  recorded  by  Bruce  and  Drummond  {Rev.  Neurol, 
and  Psychiat.,  Vol.  ii.,  p.  737),  and  reproduced  to  show  the  similar 
attitude  in  present  case. 

Fig.  2. — Frontal  section  through  anterior  part  of  brain  of  A.  R.,  showing 
the  basal  halves  of  both  hemispheres  separated  by  blood-clot  (black),  iu 
the  anterior  part  of  which,  and  to  the  right  side,  is  seen  the  aneurism  as 
a  paler  globular  mass. 

Plate  23. 

a'  and  a",  branches  of  anterior  cerebral  artery  ;  b  and  c,  opposite  sides  of 
aneurism  ;  d,  secondary  (so-called  false)  aneurism  followed  by  rupture 
of  the  primary  aneurism  b,  c  ;  e,  haemorrhage  into  tissue  of  pia  arachnoid 
from  secondary  sac  ;  i,  i',  intima  of  wall  of  vessel ;  m,  media. 

Fig.  3. — Shows  the  aneurism  b,  c,  formed  on  one  branch  (a')  of  the  anterior 
cerebral  artery  at  the  point  of  division  into  two  branches,  a'  and  a". 

At  h,  the  intima  has  undergone  great  thickening,  while  the  media  has 
become  thinned. 

At  c,  the  middle  coat  has  entirely  difsappeared  (see  Fig.  7). 

Figs.  4  and  5. — Show  the  aneurism  b,  c,  lying  between  the  now  completely 
separated  branches  a',  a"  of  the  anterior  cerebral  artery.  By  the  rupture 
of  the  wall  of  b,  c  at  its  power  part,  a  second  sac  has  been  formed.  It  is 
filled  with  partly-organised  thrombus,  and  its  walls  are  formed  by  con- 
densed tissue  of  pia  arachnoid. 

At  c,  blood  has  escaped  from  the  secondary  sac. 

Fig.  6. — d,  The  secondary  aneurism,  with  thin  walls,  formed  merely  of  con- 
densed pia  arachnoid  tissue. 
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K,  Htemorrhage  from  the  secondary  sac  into  the  pia  arachnoid. 

a'  and  a",  Branches  of  anterior  cerebral  artery. 

a'",  A  small  aneurism,  with  absence  of  middle  coat. 
Fig.  7. — (H.  P.    Zeiss  Planar.)    Part  of  wall  of  aneurism  (c  in  Fig.  3),  showing 
how  the  media,  m,  m,  becomes  rapidly  thinned,  and  at  i  has  completely 
disappeared,  leaving  merely  the  slightly  thickened  intima  i. 
Fig.  8. — (H.  P.     Zeiss  Planar.)      Section  stained  with  Weigert's  (resorcin 
fuchsin)  stain  for  elastic  tissue. 

m.  Media,  terminated  suddenly  at  the  bend  in  the  wall  of  the  vessel 
at  i,  where  the  intima  is  alone  present. 

i',  Intima  thickened,  and,  when  examined  with  hand  lens,  seen  to 
contain  numerous  tortuous  fibrillse  of  elastic  tissue. 
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THE  IXFLUEXCE  OF  METEOEOLOGICAL  AND  OTHEli 
CONDITIONS  UPON  THE  DISTPJBUTION  OF 
BACTEEIA  IN  UEBAN  ATMOSPHEEES. 

By  C.  J.  LEWIS,  D.Sc,  M.D.,  F.R.C.P. 

(From  the  Laboi'atory  of  tlie  Royal  College  of  Physicians  of  Efliuhiirgh.') 

At  the  eomiuencement  of  this  research,  in  October  1905,  the 
presence  of  micro-organisms  in  the  atmospliere  had  already  been 
made  the  subject  of  numerous  observations  which  did  not  appear 
to  need  repetition.  Accordingly,  the  following  expernnents  were 
directed  to  special  points  in  the  distribution  of  Ijacteria  in  the 
open  air.  Urban  atmosphere  was  selected  for  investigation,  and 
attention  was  directed  to  ehicidate  the  relationship,  if  any,  which 
exists  between  certain  meteorological  conditions  and  the  bacterial 
contents  of  air.  In  the  course  of  the  inquiry  it  became  obvious 
that  while  particular  meteorological  conditions,  such  as  rain  and 
wind,  exert  a  notable  influence  upon  the  micro-organisms  oljtain- 
able  from  the  air.  there  are  other  conditions  not  meteorological 
which  are  of  great  importance  in  their  effect  on  the  bacterial  flora 
of  urban  atmospheres.  Amongst  these  other  conditions  are  density 
of  population,  the  presence  of  special  sources  of  pollution,  e.g., 
sewage-farms,  refuse  heaps,  &c.,  proximity  to  the  sea,  to  agri- 
cultural manure  land,  to  lines  of  traffic,  or  to  the  habitations  of 
animals. 

A  description  of  the  methods  employed  in  the  research  will 
precede  the  statement  of  the  results  as  observed  under  different 
meteorological  conditions.  Emphasis  will  then  be  laid  upon  special 
conditions  which  influence  bacteria  in  the  air.  The  vagaries  of  our 
climate  add  largely  to  the  difficulty  of  observation,  since  so  seldom 
is  it  possilile  to  i^epeat  an  experiment  under  exactly  similar  con- 
ditions as  to  meteorological  phenomena.  Comparative  observations 
were  therefore  extremely  rare  in  which  temperature,  humidity, 
pi'essure  and  wind  direction  were  all  the  same.  "When,  however, 
only  one  or  two  of  the  factors  varied  some  useful  conclusions 
might  be  drawn.  Instead  of  stating  my  experiments  in  the  form 
of  a  series  of  tables  showing  for  each  experiment  all  the  meteoro- 
logical conditions  of  the  day,  I  have  preferred  to  discuss  the  results 
with  illustrative  examples  taken   from  the  series.      In  this  way 

'  Tliis  rest'iiich  has  been  accoiii])lished  liv  tlu>  aid  of  a  grant  from  the  Cnrnegie 
Trust,  for  wliii-h  I  desire  here  to  ofl'er  iiiv  sineere  aekiiowlediiiiients  to  tlie  Tlll!^tecs. 
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I  trust  to  make  my  contributiou  more  readable,  even  though  it 
may  not  show  all  the  work  which  was  done.  Altogether,  I 
conducted  332  experiments  in  different  parts  of  Edinburgh. 

It  may  be  well  to  say  at  the  outset  that  no  method  of 
observation  is  available  whicli  will  show  the  total  number  of 
organisms  present  in  the  air.  Each  method  shows  only  the 
number  of  organisms  capable  of  development  under  the  particular 
conditions  employed.  In  a  given  quantity  of  air  a  certain  number 
of  organisms  may  be  found  which  will  develop  aerobically  at 
37°  C,  in  the  same  air  the  number  developing  aerobically  at  15°  C, 
is  different,  whilst  imder  anaerobic  conditions  yet  another  number 
may  be  counted.  The  sum  of  all  these  counts  will  not  represent 
the  nimiber  of  organisms  present  in  the  air  owing  to  the  faculta- 
tive qualities  of  certain  varieties  of  bacteria.  P'or  comparative 
purposes  it  is  essential  that  the  procedures  adopted  thi'oughout 
should  be  identical.  No  absolute  standard  has  yet  been  approved, 
but  as  the  greater  number  of  atmospheric  organisms  will  grow  on 
a  gelatine  medium,  under  aerobic  conditions,  at  a  temperature  of 
15°-20°  C,  this  method  of  culture  has  been  that  adopted  by  most 
observers.  So  that  when  air  is  stated  to  have  contained  so  many 
organisms  per  litre,  one  understands  that  the  number  given  is  that 
of  the  organisms  present  and  revealed  bj-  this  method  of  aerobic 
growth  on  jelly  at  room  temperature.  In  addition  to  this  method 
I  have,  in  certain  observations,  also  estimated  the  number  of 
organisms  capalile  of  growth  at  37°  C. 

Mfthods. — The  methods  employed  to  estimate  the  number  of 
organisms  present  in  the  air  may  be  divided  into  two  main 
sections,  methods  of  collection  by  gravitation  and  by  filtration. 

(A)  Gravitation. — In  this  method  the  organisms  in  the  air 
were  allowed  to  deposit  themselves  upon  tiie  exposed  surface  of 
the  culture  medium.  The  deposit,  while  largely  due  to  gravitation, 
especially  on  calm  days,  was  also  intiuenced  l)y  wind  currents.  It 
was  not  thought  advisable  to  protect  the  medium  from  wind  as 
air  currents  are  natural,  and  it  was  desired  to  make  the  observa- 
tions under  as  natural  conditions  as  possible.  An  open  situation 
was  generally  chosen  so  that  tlie  plates  should  not  be  exposed  to 
exceptional  deposits  from  trees,  roofs,  &c.  The  culture  media 
were  eitlier  solid  or  liquid,  and  were  exposed  in  sliallnw  Petri 
dishes,  for  varying  lengths  of  time.     Tiie  solid  media  commonly 
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used  were  agar  and  jelly,  but  occasionally  an  albuminous  medium 
made  of  egg  was  utilised.  These  media  were  incubated  under 
aerobic  conditions ;  the  agar  and  egg  media  at  37''  C,  and  the  jelly 
at  15°  C.  The  colonies  growing  on  these  media  were  examined 
from  day  to  day,  their  number  counted,  and  their  characters  deter- 
mined by  their  staining  reactions,  and  by  sub-cultures  in  various 
media.  In  order  to  compare  one  quantitative  observation  with 
another  which  might  difi'er  in  the  duration  of  exposure,  the  results 
in  each  experiment  were  calculated  as  the  number  of  organisms 
deposited  per  square  foot  of  surface  per  minute  of  exposure.  The 
area  of  the  plate  exposed  was  calculated  from  the  diameter  of  the 
plate  by  the  formula  for  the  area  of  a  circle,  viz.,  D-  x  "7854.  It 
approximated  to  one-fifteenth  of  a  square  foot,  so  that  in  estim- 
ating the  number  of  organisms  per  square  foot  per  minute  it  was 
only  necessary  to  multiply  the  number  of  colonies  on  each  plate 
by  fifteen  and  to  divide  by  the  number  of  minutes  of  exposure. 
The  duration  of  exposure  varied  with  the  season  of  the  year,  the 
temperature,  the  locality  under  ol)servation,  and  the  character  of 
the  medium.  Thus,  shorter  exposures  were  given  in  summer  than 
in  winter,  on  warm  days  than  on  cold  days,  in  the  slums  than  in  the 
suburbs,  and  of  jelly  than  of  agar.  It  was  found  that  agar  could 
safely  be  exposed  for  longer  periods  than  jelly,  without  over- 
crowding the  plate,  except  in  slum  areas.  The  organisms  which 
develop  at  37°  C.  are  not  so  numerous  as  those  which  gi-ow  at 
15°  C.  On  the  other  hand,  in  crowded  neighbourhoods  the  agar 
plates  are  apt  to  show  "  spreaders,"  or  organisms  which,  instead  of 
growing  at  37°  C.  as  isolated  colonies,  spread  in  24  to  48  hours 
over  a  large  part  or  the  whole  of  a  plate,  and  thus  obscui'e  an 
accurate  count.  With  a  jelly  plate  a  few  minutes'  exposure  is 
generally  sufficient. 

The  liquid  media  used  were  one  per  cent,  peptone  broth  and 
glucose  taurocholate  broth.  These  media  were  exposed  in  Petri 
dishes,  just  like  the  solid  media,  but  for  much  longer  periods,  the 
usual  duration  of  exposure  being  one  hour.  "With  a  little  practice, 
it  was  found  possible  to  transfer  the  liquid  after  exposure  to  sterile 
tubes,  and  tliese  tubes  were  incubated  anaerobically  at  37°  C.  The 
quantity  of  liquid  exposed  was  10  c.c,  and  these  broth-plate  experi- 
ments were  designed  to  test  the  air  under  anaerobic  conditions  of 
culture.  A  long  exposure  is  necessary,  as,  presumably,  anaerobes 
will  be  present  in  aii-  only  in  relatively  small  numbers. 
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(B)  Filtration. — There  are  various  methods  of  filtration  available 
for  filtering  air,  and  various  sulistances  nia)'  be  used  for  the  pur- 
pose. The  method  selected  was  that  of  Petri,  and  the  substance 
used  was  fine  sand.  The  method  of  aspirating  the  air  through  the 
sand  is  by  the  displacement  of  water.  If  the  observations  are 
conducted  in  or  near  the  laboratory  premises,  or  always  in  one 
place,  the  water  receptacle  may  be  a  large  vessel,  holding  perhaps 
50  litres,  placed  on  a  stand,  and  having  a  tap  at  the  bottom  by 
which  the  water  can  be  run  off  to  any  convenient  drain  or  gutter. 
The  vessel  must  be  air-tight  and  well  corked,  the  cork  pierced  by 
a  glass  tube  which  can  be  connected  by  rubber  tubing  with  the 
sand  filter.  This  is  convenient,  since  it  is  only  necessary  to  attach 
the  full  water  cistern  to  the  sand  filter,  and  to  set  the  tap  so  that 
the  50  litres  of  water  flow  off  slowly,  drawing  an  equal  quantity  of 
air  through  the  sand.  It  is  essential  that  the  rate  of  flow  should 
be  very  moderate,  or  the  filtration  is  imperfect.  Such  a  water 
cistern  is  too  heavy  for  convenient  transport,  so  that  for  work 
in  different  localities  a  substitute  had  to  be  devised.  This  was 
found  in  a  portable  camera-stand,  and  two  bottles,  each  capable 
of  holding  fully  2  litres.  The  bottles  were  graduated,  so  that  exact 
measurement  of  the  aspirated  air  was  possible.  By  alternate  trans- 
position of  the  bottles,  water,  to  the  quantity  of  2  litres  each  time, 
could  be  passed  from  one  bottle  to  the  other.  The  upper  bottle 
was  placed  on  the  camera-stand,  and  also  connected  to  the  sand  tube 
above  and  to  the  lower  bottle  at  the  ground  level.  The  arrangement 
worked  well  in  practice,  and  it  was  onlj'  necessary  to  carry  2  litres 
of  water  in  order  to  examine  the  air  in  places  where  no  water 
supply  was  easily  available.  At  the  conclusion  of  the  aspiration 
the  sand  tube  was  wrapped  in  sterile  filter  paper,  and  taken  to  the 
laboi'atory.  The  sand  was  then  washed  in  sterile  distilled  water, 
the  sand  from  each  chamber  being  transferretl  to  a  sepai-ate  Hask 
containing  25  c.c.  of  sterile  distilled  water.  The  sand  was  washed 
in  the  flasks  by  gentle  shaking  for  a  period  of  several  minutes. 
Then,  with  sterile  graduated  pipettes,  jiortions  of  the  water  were 
transferred  to  sterile  Petri  dishes,  and  culture-plates  prepared  by 
the  addition  of  liquid  agar  or  jelly.  The  (juantity  of  water  used 
for  each  plate  varied  from  1  to  0"1  c.c. 

The  plates,  after  being  set,  were  inculiated,  the  agar  at  MT"  C, 
and  the  jelly  at  15°  C.  The  colonies  were  counted  at  the  end  of 
3  days  in  the  case  of  agar,  and  7  days  in  the  case  of  jelly. 
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By  calculation,  the  total  number  of  organisms  present  in  eacli 
Hask,  i.e.,  in  each  chamber  of  sand,  was  ascertained,  and  the  sum 
of  both  chambers  gave  the  number  of  organisms  in  the  whole 
quantity  of  air  submitted  to  examination.  The  results  might 
then  be  stated  as  so  many  organisms  per  litre  or  per  cubic 
metre. 

A. — Gravitatiox  Observations. 

Meteorological  Conditions. — («)  TemiKraturc. — It  is  a  some- 
what trite  observation  that  the  number  of  organisms  in  the  air 
varies  annually  with  the  mean  temperature.  Their  number  is 
small  in  winter,  increases  as  the  spring  advances,  reaches  the 
maximum  in  summer,  and  diminishes  again  in  autumn.  The 
curve  of  mean  temperature  has  a  geneial  correspondence  with  the 
curve  of  organismal  incidence  in  the  atmosphere.  In  the  year  ■ 
under  observation  this  was  exemplified,  but  on  discruuinative 
analysis  it  appears  that  the  influence  of  temperature  per  sc  may 
easily  be  over-estimated.  The  warmer  seasons  coincide  also  with 
the  dusty  seasons,  when  tlie  purifying  infiuence  of  rain  is  least,  and 
since  the  germs  do  not  find  in  air  itself  sufficient  means  of  sub- 
sistence and  life,  and  probably  do  not  multiply  to  a  large  extent  in 
the  air,  their  larger  number  in  sunmier  time  is  more  an  accidental 
coincidence  with,  rather  than  a  result  of,  the  greater  warmth  of 
the  air.  While  noting,  therefore,  this  general  coincidence,  one 
does  not  attach  much  importance  to  temperature  alone.  Indeed, 
it  would  be  easy  to  show  that  in  urban  surroundings  it  often 
happens  that  the  number  of  organisms  on  a  day  of  moderately 
high  mean  temperature  may  be  less  than  on  a  day  of  lower  mean 
temperature.  For  example,  in  the  laboratory  yard,  on  October  9, 
1905,  the  mean  temperature  of  the  day  being  53°  F.,  the  number 
of  organisms  deposited  per  square  foot  per  minute  was  172,  whilst 
on  the  20th  of  the  same  month,  the  mean  temperature  of  the  day 
being  36°  F.,  the  uumlier  similarly  deposited  was  342.  These 
numbers  refer  to  organisms  developing  on  jelly  at  room  tempera- 
ture. There  was  no  rain  on  either  day,  but  in  each  case  there  had 
been  rain  two  days  before.  The  direction  of  the  wind  and  the 
height  of  the  barometer  on  the  two  days  were  not  markedly 
difl'erent,  but  the  relative  humidity  was  higlier  on  the  earlier 
date. 

To  take  another  instance  in  a  more  ojien  situation,  one  may 
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compare  the  numbers  found  in  lioseliurn  Park.  On  February  7, 
1906,  with  a  mean  temperature  of  40"  F.,  the  organisms  amounted 
to  126  per  square  foot  per  minute,  whereas  on  the  30th  May,  with 
a  mean  temperature  of  52°  F.,  the  numbers  were  only  75.  On 
these  dates  the  wind  was  in  the  same  direction,  and  the  relative 
humidity  was  not  very  different,  though  somewhat  higher,  on  the 
later  date.  These  instances  coukl  be  largely  increased  if  no  allow- 
ance were  made  for  the  variance  of  other  conditions  than  tempera- 
ture. It  would  be  absurd  to  lay  much  stress  on  indi\idual 
observations ;  these  are  only  adduced  to  show  that  the  correlation 
between  temperature  and  abundance  of  organisms  is  not  invariable. 
In  the  same  park  in  January  1906,  on  two  days,  each  with  a  mean 
temperature  of  39°  F.,  the  organisms  numbered  2-i  and  36  respec- 
tively. If  these  observations  be  compared  with  the  May  numbers, 
it  will  be  seen  that  the  general  rule  of  more  germs  in  warmer 
weather  is  upheld. 

(?>)  Pressure. — The  influence  of  atmospheric  pressure  on  the 
bacterial  content  of  the  air  has  not  been  so  well  defined  as  that  of 
some  other  meteorological  conditions.  Has  it  any  influence  at  all  ? 
and,  if  so,  in  what  direction  ?  It  may  be  suggested  that  a  high 
barometric  pressure  might  increase  the  deposit  of  organisms  from 
the  air.  But  high  pressure  means  dry  air,  and  if  organisms  are 
more  plentiful  in  dry  air  than  in  moist  air,  this  might  account  for 
any  apparent  increase  of  deposit  attributable  to  high  pressure. 
It  appears  that  the  influence  of  barometric  pressure  in  itself  is 
very  slight.  It  is  difficult  to  get  two  observations  in  which  the 
only  variant  is  the  pressure ;  but  I  can  quote  two  in  which  the 
pressure  appeared  to  be  the  chief  difference,  while  the  number  of 
organisms  was  approximately  the  same.  Plates  exposed  on  the 
Calton  Hill  on  February  7th  and  14th,  1906,  showed  respectively  153 
and  141  organisms  deposited  per  square  foot  per  minute.  On  both 
occasions  the  wind  was  soutli-west,  the  relative  humidity  82,  aud 
there  had  been  no  rain  prior  to  the  experiment.  The  mean 
temperature  was  40°  F.  on  the  first  day  and  33°  F.  on  the  second 
occasion.  The  pressure,  howexer,  ou  the  two  days  was  very 
different,  being  30'2  on  tlie  first  day  and  only  294  ou  the  second. 

In  general  a  liigli  barometer  means  a  greater  number  of 
organisms.  In  West  Princes  Street  Gardens,  on  tiie  open  bank 
beneath  tlie  Castle  Esplanade,  two  ()l)servations  were  made  on 
December  15th,  1905,  and  January  2Gtli,  1906.     The  mean  tempera- 
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ture  was  4G"  ami  48"  respectively,  the  relative  huuiidity  90  and 
85  respectively,  the  barometric  pressure  30'2  and  297  respectively, 
and  the  number  of  organisms  198  and  102  respectively.  The 
wind  on  both  days  was  west-south-west,  and  the  difference  in  the 
numbers  of  organisms  might  be  attributed  to  the  high  pressure  on 
the  day  of  greater  aljundance.  Both  daj's  were  fine,  but  it  is  pos- 
sible that  the  difference  may  have  been  produced  by  the  alisence 
of  rain  for  several  days  prior  to  the  first  experiment  and  the 
occurrence  of  showers  on  days  preceding  the  second  observation. 
{<•)  Rainfall. — The  purification  of  the  air  by  rain  is  one  of  the 
most  salient  features  of  the  bacteriological  aspect  of  air.  The 
organisms  are  washed  out  of  the  air  into  the  soil,  and  the  number 
in  the  air  is  thus  greatly  reduced.  The  effects  of  rain  may  be 
considered  as  immediate  and  remote.  To  illustrate  the  immediate 
effect  of  rain,  observations  were  conducted  before  and  after  heavy 
rain.  There  was  a  certain  amount  of  luck  in  the  ability  to  make 
these  comparative  observations.  It  happened  on  three  occasions 
that  a  test  of  the  air  had  been  made  on  a  fine  moining,  that  heavy 
rain  followed  shortly  afterwards,  and  that  a  further  observation 
was  made  in  the  afternoon.  Though  the  number  of  these  occasions 
were  few,  the  results  suggest  that  the  extent  of  purification  of  air 
by  rain  cori'esponds  in  direct  ratio  with  the  duration  and  heaviness 
of  the  rainfall.  The  following  table  shows  the  numbers  observed 
before  and  after  rain  and  the  average  of  all  exposures  in  the  same 
locality : — 


Locality. 

Character  of 
Kainfall. 

Number  of  Organisms  per 

Square  Foot  per  Minute. 

Incubation,  15f  C. 

Average  Number 
for  Locality. 

Laboratory  Yard  . 
Blackford  Hill      . 

Heavy,  4  hours 

„       2  hours 

Light  showers 

Before. 

162 

172 

67 

After. 
28 

66 
46 

182 

182 
72 

Thus  4  hours'  heavy  rain  reduced  the  organisms  in  the  air  by 
about  80  per  cent.,  while  a  few  days  later  2  hours'  heavy  rain  only 
effected  a  reduction  of  60  per  cent.,  the  place  of  observation  being 
in  each  case  the  same.  In  the  case  of  light  rain  the  reduction 
only  amounted  to  .'lO  per  cent. 


10 


C.J.Lc 


uns 


111  order  to  show  what  one  may  call  the  more  remote  effect  of 
rain  the  following  method  is  adopted.  Here  it  is  impossible  to 
compare  obser\-ations  immediately  before  and  after  rain  since  the 
rainy  period  may  have  extended  over  several  days,  and  the  other 
conditions  were  often  entirely  different  before  and  after  the  rainy 
period.  So  in  this  case  I  have  compared  the  numbers  of  organisms 
deposited  from  the  air  after  a  rainy  period  with  the  average 
numbers  deposited  from  the  air  of  the  same  locality  in  all  the 
observations  made.  Such  a  comparison  can  only  be  approximately 
accurate,  but  the  results  serve  to  show  that  rain  prolonged  over 
several  days  and  varying  in  its  heaviness  pi-oduces  a  marked 
diminution  in  the  number  of  organisms  capaljle  of  deposition 
from  the  air. 


Number  of 

Organisms 

Localit}-. 

Character  and  Dui-atioii  of  Rainfall. 

per  Square 
\  (lot  per 
Minute. 

Incubation, 
15"  C. 

Averace  of 
Locality. 

Laboratory  Yard 

Heavy  at  times  duiing  week 

117 

182 

Inverleith  Park 

Some  rain  on  5  previous  daj's 

27 

82 

West  Princes  1 
St.  Gardens  J 

Much  rain  2  weeks 

30 

132 

Giassmarket 

Rain  3  previous  days 

261 

751 

Giaiige  Road     . 

>.                  1) 

63 

128 

Colinton  Road  . 

,.                  » 

18 

30 

Blackford  Hill  . 

Rain  7             „ 

15 

72 

Inverleith  Park 

.1 

33 

82 

King's  Park 

» 

20 

125 

Craigentiiniy     . 

Heavv  rain  several  days 

75 

373 

Caltou  Hill " 

\,          3  days 

54 

211 

West  Princes   \ 
St.  Gardens  j 

„          several  days 

42 

132 

Seafield  Road    . 

Rain  7  previons  days 

15 

263 

Calton  Hill 

1)                  J) 

15 

211 

Craigentinny     . 

Heavy  rain  previous  day 

75 

373 

Saughtoii  Park . 

Eain  previous  days 

24 

93 

((/)  Hnmidit]!. — The  relative  liumidity  of  the  atmosphere  in 
itself  is  not  constantly  associated  witii  any  direct  variation  of  the 
number  of  organisms  deposited  from  the  air.  The  general  rule 
that  a  dry  and  dusty  air  yields  more  organisms  than  a  damp  and 
clear  air  suggests  a  correspondence  between  a  low  humidity  and 
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an  increase  in  the  number  of  organisms  in  tlie  air.  In  tlie 
lal)oratory  yard  the  average  numljer  of  organisms  deposited  per 
square  foot  per  minute  was  higlier  when  the  lelative  humidity 
was  low.  "When  the  relative  humidity  was  under  70  per  cent, 
the  average  of  5  observations  was  214;  when  the  relative 
humidity  was  between  70  and  80  per  cent,  the  average  of  3 
observations  was  144 ;  and  when  the  relative  humidity  was  over 
80  per  cent,  the  average  of  6  observations  was  l.'U.  While  this 
is  so,  there  are  other  conditions  upon  which  the  number  appears 
to  depend  more  than  upon  the  relative  humidity.  For  instance, 
upon  four  occasions  on  Blackford  Hill  in  Alarch,  April,  May  and 
June  1906,  the  number  of  organisms  deposited  per  square  foot 
per  minute  was  identical,  viz.,  60.  Yet  on  these  four  occasions  the 
relative  humidity  was  98,  66,  79,  and  78  per  cent,  respectively, 
while  the  general  direction  of  the  wind  and  the  barometric  pres- 
sure were  practically  the  same.  The  mean  tempeiature  certainly 
varied  from  25°  to  51°,  and  the  similarity  in  numbers  is  probably 
due  to  the  direction  of  the  wind  and  the  incidence  of  the 
rainfall. 

(e)  Bmt. — Organisms  in  the  air  are  frequently  carried  al^out 
on  dust  particles,  and  it  would  be  interesting  to  show  that  there 
is  a  numerical  relation  between  the  dust  particles  and  the 
organisms  deposited  at  the  same  time  and  place.  There  were, 
however,  consideralJe  difficulties  in  the  attainment  of  comparative 
o)>servations.  I  am  much  indelited  to  Mr.  John  Aitken,  F.E.S.,  for 
his  kind  advice  and  assistance  in  the  matter.  His  perfect  appar- 
atus for  the  demonstration  of  dust  particles  in  the  air  is  designed 
to  show  extremely  small  particles,  and  was  too  fine  for  the  purpose 
in  view.  I  therefore  used  a  glass  surface  which  could  be  exposed 
alongside  the  culture-plate.  It  fitted  inside  a  Petri  dish,  and  was 
exposed  just  in  the  same  way  as  the  plate.  The  graduated  portion 
of  the  surface  measured  5  cm.  by  2-4  cm.,  divided  into  oOO  squares. 
The  surface  might  be  lightly  smeared  with  glycerine  or  egg  albumin 
to  cause  the  dust  to  adhei-e,  but  later  I  found  that  this  was  not 
necessary  if  sufficient  care  were  taken  in  transpoi-ting  the  dish 
into  which  the  glass  accurately  fitted.  The  dust  particles  deposited 
were  counted  by  the  aid  of  tlie  low  power  of  the  microscope  (  x  70) 
in  at  least  30  squares.  Estimation  was  then  made  of  the  paiticles 
per  s(]uare  foot  per  minute,  and  this  nundier  was  then  compared 
witli  tlie  nundier  of  organisms  deposited  on  the  same  area  in  tlie 


12 


C.J.  Lewis 


same  time  and  at  the  same  place.  The  method  does  not  admit  of 
absolute  accuracy ;  even  during  the  counting  with  the  microscope 
fresh  particles  may  be  deposited  from  the  air,  but  the  results  serve 
to  indicate  a  general  tendency.  If  the  number  of  organisms  is 
higli,  the  count  of  dust  particles  is  also  high.  The  very  high 
numbers  of  both  found  on  the  Queensferry  Road  are  due  to  the 
fact  that  the  count  was  made  immediately  after  the  passage  of 
a  motor  car,  and  to  show  definitely  the  effect  of  rapid  traffic. 

Dust  and  Micro-Okganism.s. 


Locality. 

Dast  Particles  deposited 

per  Square  Foot  per 

Minute. 

(X  70.) 

Organisms  deposited  per 

Square  Foot  per  ilinule. 

Incubation  15*  C. 

*Que8usferry  Road    . 
**Craigentiiiny    . 
*Piinces  Street  Gardens 
*Grange  Road 
*Calton  Hill 
*West  Meadows  . 
tSaughton  Park  . 
t King's  Park 
JRaveiston  Road 
tBlackford  Hill   . 

889,053 

402,257 

314,856 

273,126 

201,593 

170,007 

54,904 

23,225 

13,294 

10,838 

18G0 

185 

232 

130 

246 

145 

70 

20 

27 

30 

(/)  Wind. — Apart  from  rain,  already  dealt  with,  and  fi-om 
slum  areas  and  polluted  soils,  to  be  referred  to  later,  the  intiueuce 
of  wind  upon  bacterial  deposition  from  urban  atmospheres  has 
been  the  most  prominent  featui-e  of  the  experiments.  Over  and 
over  again  it  has  occurred  that  e.xperiments  to  windward  and 
leeward  of  the  town  have  disclosed  an  excess  of  organisms  to 
leeward  over  those  deposited  to  vviiulward.  It  appears  that  in 
Edinburgh  at  all  events  this  is  true,  independent  of  the  direction 
of  the  wind.  Further,  not  only  the  (piantity  but  the  quality  of 
the  organisms  is  tdianged.  On  tlie  windward  side  there  api)ear 
generally  harmless  organisms,  while  to  leeward  ajipear  organisms 
of  putrefaction  and  of  sewage  (u-igin.  Tlie  subsequent  tables 
show    tb(>    direction    of    the    wind    and    tiic    loralitii's    in    which 


'   I,i)r!iliti(>s  near  cpiitres  of  traffic. 
I  Quiet  suburban  road. 


t  Suburlmn  jiublio  jwrks. 
•*  Sewage  farm. 
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simultaneous  oljservations  were  made.  The  first  of  these  taliular 
statements  shows  tlie  number  of  organisms  deposited  per  square 
foot  per  minute  and  capable  of  growing  on  an  agar-plate  when 
incubated  at  37°  C.  Its  importance  is  two-fold.  It  shows  how 
the  direction  of  the  wind  appears  to  influence  the  locality  in 
which  the  greater  number  of  organisms  will  be  deposited.  A 
fresh  wind  coming  fairly  clean  into  the  town  sweeps  out  the 
organisms,  and  larger  numbers  are  deposited  to  leeward.  The 
table  also  shows  that  to  windward  of  a  town  the  air  does  not 
contain  many  organisms  capable  of  growth  at  blood  temperature — 
a  characteristic  attribute  of  organisms  pathogenic  to  human 
beings.  In  the  increased  number  of  these  organisms  found  to 
leeward  of  a  town  there  may  be  included  examples  of  organisms 
capable  of  producing  illness,  and  derived  from  the  conditions  of 
town  life.  The  observation  sites  were  so  chosen  that  the  wind 
to  leeward  had  passed  over  the  whole  or  a  large  part  of  the  city. 


Table  Showing  Influence  of  Wind. 
Organisms  per  sgvare  foot  per  minute.     Incubation  temperature,  37°  C. 


Windw.ird. 

Leeward. 

Direction  uf 
Wind. 

Locality. 

Number. 

Locality. 

Number. 

East    . 

King's  Park 

4 

6 

Saughton 

18 
24 

West  . 

Saughton 

18 

King's  Park 

45 

South-West 

Calton  Hill 

30 

Seafteld  Road 

42 

East    . 

Seafield  Road 

9 

18 

Calton  Hill 

18 
24 

West  . 

Colinton  Road 

5 

King's  Park 

15 

South-West 

Koseburn  Park 

5 

Seafield  Road 

36 

North-West 

Ravelston  Road 

17 

1 

King's  Park 

71 
30 

" 

Inverleith  Park 

3 

Blackford  Hill 

6 

The  next  talale  shows  the  comparative  numbers  of  organisms, 
deposited  per  square  foot  per  minute,  and  capable  of  growth  at 
15°  C,  in  windward  and  leeward  localities.  While  not  perliaps 
of  the  same  possible  clinical  significance  as  the  preceding  table,  it 
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shows  the  numbers  of  germs  present  in  the  atmosphere  of  different 
localities  under  certain  wind  conditions  and  the  iutiuence  of  wind 
on  their  dispersal. 

Table  Snowixf;  Influenx-e  of  Wind. 
Organisms  per  siiuurc  foot  per  minute.     Incubation  temperature,  15'  C. 


Windward. 

Leewavd. 

Dirpction  of 
Wind. 

Lccalitj-. 

Number. 

Locality. 

Number. 

East    . 

King's  Park 

11 

Ravelston  Road 

27 

North-West 

Ravel  ston  Road 

16 

King's  Park 

42 

South-East  . 

King's  Park 

20 

Saughton  Park 

50 

West  . 

Sauijhtoii  Park 

46 

King's  Park 

120 

South  . 

Bhickfonl  Hill 

15 

Inverleith  Park 

33 

North . 

luverlcith  Park 

■27 

Blackford  Hill 

60 

North-West 

Rosebuin  Park 

75 

,, 

105 

South-West 

Blackford  Hill 

60 

Calton  Hill 

291 

West  . 

Coliuton  Road 

42 

King's  Park 

105 

South-West 

„ 

18 

Seafiekl  Road 

156 

West  . 

Roseburn  Park 

24 

Regent  Terrace 

48 

West  . 

" 

36 

Seafield  Road 

123 

Loccditi/. — There  is  a  great  ditlerence  between  tlie  numbers  of 
air  organisms  present  in  the  suburbs  and  in  the  centre  of  a  large 
city.  Densely  populated  districts  contain  many  more  atmospheric 
organisms  than  the  more  sparsely  populated  quarters.  Taking  the 
average  number  of  organisms  deposited  per  square  foot  per  minute 
and  capable  of  development  at  15°  C.  as  the  basis  of  comparison, 
it  is  possible  to  compare  the  centre  and  the  suburbs  of  Edinburgh 
with  the  following  results : — By  the  average  number  of  organisms, 
I  mean  the  average  of  the  observations  made  by  me  in  the  iliH'erent 
localities  during  the  year,  and  these  numbers  must  not  lie  taken 
as  e.xpressing  the  true  average  of  the  individual  localities  for  the 
whole  year.  The  average  of  114  observations  in  the  central  dis- 
tricts, including  such  localities  as  the  Cowgate,  Gra.ssmarket, 
Castle,  West  Princes  Street  Gardens,  &c.,  was  269,  while  the 
average  of  96  observations  in  the  suburban  district.s,  including 
Coliuton  Road,  Blackford  Hill,  King's  Park,  Inverleith  Park, 
Ravelston,  &c.,  was  only  76. 
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Seldom,  indeed,  were  the  plates  exposed  to  air  found  sterile 
thereafter,  liut  at  Eavelston  Eoad,  near  ilurrayfield  Golf  Course, 
on  a  fine  day  near  the  end  of  November,  an  agar-plate  was  exposed 
for  ten  minutes  and  there  fell  on  it  no  organisms  which  were  capable 
of  growth  on  agar  at  oT  C. — the  temperature  at  which  the  plate 
was  incubated.  The  jelly-plates  exposed  alongside  of  the  agar-plate 
showed  a  few  organisms  capable  of  growth  at  15 '  C.  A  similar 
observation  was  recorded  one  day  in  February  1906,  on  Blackford 
Hdl. 

In  the  proximity  of  slums  the  numbers  observed  are  much 
larger  than  tliose  mentioned  above.  In  tlie  Pleasance  the  a\-erage 
of  4  observations  was  949,  while  in  the  Grassniarket  the  average 
of  10  observations  was  751.  These  numbers  contrast  strongly 
with  those  observed  in  less  crowded  districts,  c.y.,  in  Princes  Street 
Gardens  the  average  of  IS  observations  was  only  132,  notwith- 
standmg  the  influence  of  the  adjacent  railway.  Smaller  numbers 
w"ere  found  in  the  suburbs,  cjj.,  in  Craiglea  Drive  only  24,  at 
Murrayfield  20,  and  at  Colinton  Eoad  18. 

The  provision  of  open  spaces,  and  the  prevention  of  over- 
crowding of  the  population  on  an  urban  site,  should  have  excellent 
influence  in  maintaining  the  purity  of  the  air. 

In  investigating  the  question  of  locality,  no  results  were  more 
striking  than  those  noticed  in  the  L'raigeutinny  district.  The 
sewage  farm  there  has  a  notable  influence  not  only  upon  the  numbers 
but  upon  the  character  of  the  organisms  found  in  the  adjacent  air. 
The  situation  being  open  ground  and  with  few  dwellings,  the 
organisms  might  be  expected,  in  the  absence  of  the  sewage,  to 
number  about  the  same  as  in  other  suburban  districts  of  the  town. 
But  actual  oljservation  showed  that  the  numbers  more  closely 
approximate  to  those  found  in  the  Old  Town.  Forty  observations 
on  the  Sewage  Farm  yielded  an  average  of  332  organisms. 
Organisms  like  B.  coll  communis  and  other  germs  common  in 
sewage  appeared  in  the  plates.  Typical  B.  coli  was  isolated  on  14 
occasions,  and  atypical  forms  of  the  same  oi-ganism  were  sometimes 
present.  The  jelly-plates  were  frequently  offensive  and  apt  to 
liquefy.  Organisms  of  the  Proteus,  Fluorescens,  and  ilesentericus 
groups  were  chief!}'  responsible  for  the  odour  and  liquefaction. 
On  almost  every  occasion  organisms  belonging  to  one  or  other 
of  these  groups  were  recognised  in  the  plates.  Jloreover,  strepto- 
cocci occurred  with  greater   frequency  in  this   district   than   in 
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ordinary  air,  and  they  were  not  of  the  type  of  the  common  air 
streptococcus  but  rather  resembled  f;eeal  streptococci.  There  can 
be  no  doubt  that  the  presence  of  the  sewage  farm  profound!}' 
modifies  the  flora  of  the  adjacent  atmosphere. 

Some  interesting  observations  were  made  by  the  exposure  of 
plates  at  Seafield  Beach.  When  the  tide  was  full  up,  the  day  fine, 
and  the  wind  blowing  off  the  sea,  the  plates  showed  very  few 
organisms.  On  the  other  hand,  an  exposure  in  the  same  place, 
with  the  tide  full  up,  and  the  wind  blowing  off  the  sea,  but  bringing 
up  with  it  a  thick  easterly  haar  or  wet  fog,  resulted  in  the  jelly- 
plates  being  crowded  with  liquefying  organisms.  In  this  particular 
situation  the  state  of  the  tide  was  found  to  be  important,  because 
when  the  tide  was  out  and  the  wind  blowing  off  the  sea  the  plates 
were  apt  to  show  organisms  resembling  those  of  sewage.  It 
appeared  likely  that  these  came  from  the  exposed  foreshore,  which 
is  not  far  from  the  sewage  outfall  of  Craigentinny  Farm. 

In  a  similar  manner  refuse  heaps,  drauis,  manured  land  and 
the  habitations  of  animals,  altered  the  character  and  number  of 
oi'ganisms  found  in  certain  localities. 


B. — FlLTKATIOX    OliSEItVATIONS. 

This  method  was  employed  on  some  30  occasions,  and  served  to 
demonstrate  that  where  the  gravitation  method  disclosed  the  deposit 
of  large  numbers  of  organisms,  there  the  numbers  per  litre  of  air 
aspirated  were  likewise  high.  Suburban  air  showed  few  organisms 
per  litre,  while  the  central  districts  contained  large  numbers.  The 
maximum  figures,  however,  occurred  in  the  Craigentinny  air.  The 
lowest  numbers  were  found  in  the  parks,  c.r/.,  in  tlie  King's  Park  in 
the  neighbourhood  of  Hunter's  Bog,  where  tlie  organisms  anumnted 
to  833  per  cubic  metre,  or  less  than  1  per  litre.  In  tlie  same  park, 
however,  facing  the  Dumluedykes  houses  and  the  wind,  the  filter  on 
one  day  showed  1562  per  cubic  metre.  The  ojien  spaces  surrounding 
the  town,  such  as  Saughton  Park,  Blackford  Hill, and  Inverloith  Park 
gave  respectively  1137,  2000,  and  3260  organisms  per  cubic  metre. 
Open  spaces  in  the  town,  such  as  the  West  and  East  Meadows,  St. 
Bernaril's  Well,  and  Princes  Street  (Jartlens  yielded  respectively 
2917,  5000,  4500,  and  12,500  organisms  per  cubic  meti'e.  Eu- 
closetl  spaces  in  the  town,  surrounded  by  habitations  and  not 
freely  swept  with  air,  are  represented  by  the  laboratory  yard  in 
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Forrest  Eoad  and  by  Surgeons'  Hall.  A  series  of  12  experiments 
in  the  former  gave  an  average  of  8096  per  cubic  metre,  and  the 
number  found  in  the  front  of  Surgeons'  Hall  was  15,760. 

The  air  of  Craigentinny  on  one  occasion  contained  so  high  a 
number  as  197,700  per  cubic  metre,  and  while  this  height  was  not 
reached  on  any  other  occasion,  still  the  average  in  that  district 
certainly  exceeds  what  should  be  found  in  a  suburban  neighbour- 
hood. Meteorological  conditions  affect  the  numbers  of  organisms 
denoted  by  this  method  in  the  same  way  as  already  shown  to  occur 
in  the  deposition  method. 

Eain  has  the  chief  intiuence ;  the  lowest  numbers  recorded  in 
any  locality  always  succeed  the  downfall  of  rain.  In  the  labora- 
tory yard  the  organisms  only  numbered  2052  per  cubic  metre 
after  rain  as  compared  with  an  average  of  8096.  At  Craigentinny, 
after  much  rain  during  the  previous  week,  the  numbers  were 
reduced  to  4166  per  cubic  metre.  There  is  a  notable  contrast 
between  this  and  the  bacterial  contents  of  the  air  of  the  same 
locality  in  fine  weather,  when  the  numbers  never  fell  below  15,000 
and  even  reached  ten  times  that  figure.  Even  in  tine  weather  the 
air  of  Blackford  Hill  is  so  pure,  that  there  are  only  1  or  2  organisms 
present  per  litre. 
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A   CASE   PRESENTING   MENIERE'S   SYMPTOMS 
ALONG  WITH   FACIAL   PARALYSIS 

By  ALEXANDER  BRUCE,  M.D.,  F.R.C.P.E.,  F.R.S.E., 

Physician  to  the  Royal  Infirmary,  Edinburgh  ; 

and  J.  S.  FRASER,  M.B.,  F.R.S.E., 

Assistant-Surgeon,  Ear  and  Throat  Department,  Royal  Infirmary,  Edinburgh 

( With  3  Plates) 

Although  Meniere's  (i)  classical  case  was  described  as  long  ago 
as  1S61,  there  is  still  considerable  confusion  on  the  subject  of 
i\Ieniere's  disease,  and  the  term  is  frequently  applied  to  any  con- 
dition in  which  giddiness  is  associated  with  a  lesion  of  the  ear. 
It  would  probably  be  better  to  discard  altogether  the  use  of  the 
words  "  Meniere's  disease,"  but,  if  the  term  be  retained,  it  should 
be  kept  for  cases  in  which  Meniere's  sjTiiptoms  appear  in  an 
apoplectiform    manner.     Meniere's   triad   is   usually   described   as 
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consisting  of  "  noises  in  the  ear,  giddiness  and  vomiting,"  but  Von 
Frankl-Hochwart  (2),  to  whose  valuable  monograph  we  wish  to 
state  our  great  indebtedness,  includes  under  the  heading  of  Meniere's 
symptoms — "  Deafness,  Tinnitus,  Giddiness,  Nausea,  Vomiting, 
Cerebellar  Ataxia,  Nystagmus,  Cold  Sweats,  Fainting,  and  a  Feeling 
of  Pressure  in  the  Head." 

It  canot  be  too  emphatically  stated  that  this  "  disease  picture  " 
is  merely  that  of  a  lesion  of  the  membranous  labyrinth  or  of  the 
eighth  cranial  nerve,  and  that  it  should  be  associated  with  disease 
of  the  labyrinth,  just  as  "  tremor,  rapid  pulse,  and  exophthalmos  " 
are  associated  with  the  condition  of  hyperthyroidism. 

In  what  conditions,  then,  do  we  meet  with  Meniere's  sjTnptoms  ? 
The  answer  to  this  question  involves  an  attempt  at  classification  of 
diseases  of  the  inner  ear  and  auditory  nerve,  although  it  must  be 
admitted  that  our  existing  knowledge  is  barely  sufficient  for  this 
purpose  ;  many  pathological  conditions  affect  the  aural  lab^Tinth 
in  which  no  microscopic  examination  of  the  lab;yTinth  has  yet 
been  made. 

Conditions  i&hich  give  rise  to  Meniere's  Symptoms 

I.  Variations  in  labyrinthine  pressure,   or  excessive  movements 

of  the  labyrinthine  fluid,  as  produced  by  forcible  syringing, 
heat,  cold,  violent  inflation  of  the  middle  ear,  loud 
sounds,  slight  injuries  (insufficient  to  cause  hsmonhage), 
dancing,  the  motion  of  the  sea  or  of  a  railway  train,  etc. 

II.  Electrical  Stimulation. 

III.  Vascular  Congestion  {e.g.  due  to  amyl  nitrite  or  otitis  media, 
etc.)  or  Ancemia  {e.g.  quinine,  general  anncmia,  loss  of 
blood). 

'  A.  Traumatic. 
B.  Due  to  diminished  air  pressure  (Caisson 
IV.  Hcrmorrhagc  disease). 

into  ■    C.  In  bleeding  diseases,  notably  leukaemia, 

Labyrinth —  pernicious     ansmia,     nephritis,     and 

arterio-sclerosis. 
D.   In   exanthemata   (I'olitzer)    (8). 


V.  Acute  Inflammatory  Conditions- 

A.  Serous  labyrinthitis. 

B.  Purulent  labyrinthitis. 
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VI.  Chronic  Inflammatory  Conditions — 

.4.  Simple  chronic  inflammation  in  chronic  middle-ear 
catarrh  ?     Otosclerosis. 

B.  Tubercular. 

C.  Syphilitic  :    (i)  congenital,  (2)  acquired. 

VII.  Neuritis  of  Auditory  Nerve  due  to — 

A.  Acute  specific  fevers. 

B.  Tuberculosis. 

C.  Syphilis. 

D.  Herpetic  inflammation  of  ganglia  (Polyneuritis 

cerebralis  Menieriformis). 

E.  Toxic  conditions — quinine,   salicylates,   tobacco, 

alcohol. 

VIII.  Hcemorrhage  into  Auditory  Nerve — 

A.  In  bleeding  diseases  (includes  the  present  case). 

B.  In  exanthemata. 

IX.  Degeneration  of  the  Auditory  Nerve  and  Membranous 
Labyrinth — 
^4.  Chronic  progressive  labyrinthine  deafness.    • 
B.  Occupational  deafness. 

X.  Tumours — 

A.  Of  acoustic  nerve. 

B.  Of  cerebello-pontine  angle. 

XI.  Neuroses — 

Pseudo-Meniere's     disease     (Von    Frankl-Hochwart)     in 
epilepsy,  hysteria,  neurasthenia,  hemicrania. 

Meniere's  disease  is  the  apoplectiform  occurrence  of  Meniere's 
symptoms,  and  is  usually  attributed  to  hfemorrhage  into  the  laby- 
rinth. Before  accepting  a  case  as  a  true  one  of  Meniere's  disease, 
Schvvartze  and  Grunert  (3)  demand  that  the  ear  shall  have  been 
normal  up  to  the  time  of  the  occurrence  of  the  symptoms,  but 
Heermann  (4)  points  out  the  difficulty  of  being  sure  that  the  ear 
was  previously  healthy,  because  even  intelligent  patients  may  not 
know  that  they  are  deaf  in  one  ear.  F.  Alexander  and  Manasse  (5) 
record  a  case  in  which  a  patient  had  five  or  six  attacks  of  Meniere's 
symptoms,  and,  although  the  whisper  was  only  heard  by  the  right 
ear  at  one  yard,  the  patient  did  not  know  that  he  had  not  got 
perfect  hearing.     In  most  cases  ear  disease  has  existed  for  a  lon>^ 
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time  before  an  attack  comes  on  of  sufficient  severity  to  cause  the 
patient  to  seek  medical  advice.  Heermann  states  that  out  of  50 
cases  27  had  had  previous  disease  of  the  ear.  Of  the  11  cases 
recorded  by  F.  Alexander  and  Manasse,  6  showed  more  or  less 
marked  signs  of  progressive  labyrinthine  deafness. 

Pathology. — Almost  all  the  cases  of  sudden  occurrence  of 
Meniere's  symptoms,  in  which  a  microscopic  examination  of  the 
inner  ear  had  been  made,  have  been  cases  of  leukaemia.  The 
only  non-leuksemic  case  reported  by  Von  Frankl-Hochwart  is  that 
of  Gruber  (6) — this  was  a  syphilitic  patient  who  died  of  typhus 
fever  :  Gruber  regarded  the  case  as  one  of  sj-'philitic  affection,  but 
Von  Frankl-Hochwart  thinks  that  the  conditions  present — vascular 
injection  and  blood-stained  labyrinthine  fluid  (on  Macroscopic 
examination) — may  have  been  due  to  typhus.  In  a  paper  recently 
published  by  one  of  us  (J.  S.  F.)  on  the  subject  of  congenital  syphilitic 
disease  of  the  ear,  it  was  noted  that  in  several  cases  the  deafness 
and  other  symptoms  of  Meniere's  disease  came  on  in  a  single 
night  (29). 

G.  Alexander  (7)  claims  even  Meniere's  original  case  as  leukcxmic  : 
Meniere's  patient  was  a  girl,  aged  16  years,  who  caught  cold  whilst 
driving  during  her  menstnial  period  ;  death  occurred  five  days  after 
the  onset  of  the  inner-ear  symptoms,  and  during  these  days  the 
temperature  was  raised  :  at  post-mortem  examination  red  plastic 
exudation  was  found  in  the  canals  and,  to  a  slight  extent,  in  the 
vestibule  ;  the  cochlea  was  free  ;  the  brain  and  spinal  cord  were 
normal ;   no  »!?'croscopic  examination  of  the  inner  ear  was  made. 

In  case  (13)  recorded  by  F.  Alexander  and  Manasse  there  was, 
however,  no  trace  of  leuk.tmia.  The  case  was  that  of  a  man  aged 
52,  who  suffered  from  chronic  progressive  labjTinthine  deafness 
with  typical  Meniere's  symptoms  a  short  time  before  death.  On 
microscopic  examination  Alexander  and  Manasse  found  recent 
multiple  ha.morrhages  in  the  ramus  cochlcaris  and  vestibularis  ; 
the  patient  died  of  haemorrhage  into  the  left  lateral  ventricle. 
In  addition  to  the  hajmorrhages  in  the  ear,  atrophy  of  Corti's  organ 
and  of  the  spiral  ganglion  were  present.  There  was  no  facial 
paralysis  in  this  case. 

Our  case  supports  the  view  of  F.  Alexander  and  Manasse  (8) 
that  Meniere's  symptoms  may  come  on  in  an  apoplectiform  manner 
in  non-leukiemic  cases  :  we  must  note,  however,  that  our  patient 
suffered  from  chronic  (senile)  progressive  labyrintliine  deainess,  ^ 
and  also  from  Eustachian  obstruction  on  the  left  side. 
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Lucae  (9)  states  that  in  cases  of  chronic  aural  sclerosis  Meniere's 
disease  may  come  on  suddenly  without  apparent  cause  :  the  patients 
only  seek  advice  for  the  sudden  attack. 

Hillairet  (10)  was  the  first  to  point  out  that  Meniere's  symptoms 
might  be  caused  by  a  lesion  of  the  eighth  nerve. 

Von  Franld-Hochwart   (pages   13  and  14)  records   the  clinical 
notes  of  two  cases  of  Meniere's  disease  in  which  there  was  paresis 
of  one-half  of  the  face  :  the  second  case  died,  but  there  is  no  mention 
of  a  microscopic  examination  of  the  ear.     Similar  cases  are  recorded 
by  Kaufmann  (11)  and  Hammerschlag  (12).     We  have  been  able 
to  trace  the  following  cases  of  leukemic  deafness  with  Meniere's 
symptoms  in  which  microscopical  examinations  of  the  labyrinth 
were  made  :    Alt  and  Pineles  (18)   (i  case),  G.  Alexander  (7)  (15 
cases),  Steinbrugge   (19),  Mott   (20),   Lannois   (21),   Parkes-Weber 
and  Lake  (22),  Schwabach  (23),  Politzer  (8),  Kock  (24),  and  Finlay- 
son  (26).     Manasse  (25)  examined  the  inner  ear  from  thirty-one 
cases  of  nerve  deafness  and  found  two  with  evidence  of  labyrinthine 
haemorrhage  in  addition  to  the  usual  degenerative  changes.     Moos 
(27)   records  the  case  of  a  syphilitic  patient  in  whom  Meniere's 
symptoms  were  engrafted  on  existing  ear  disease.     Microscopical 
examination   showed   periostitis   of   the    vestibule    and   small-cell 
infiltration  of  the  membranous  labyrinth.     Haug   (28)   reports   a 
tabetic  case  in  which  the  acoustic  nerve  and  ganglia  were  affected. 
Moos  (13)  and  Steinbrugge  record  a  case  of  senile  dementia  in  which 
hemorrhagic   pachymeningitis   was   found   at   post-mortem  :     the 
patient    had    frequently    suffered    from    giddiness.     Evidences    of 
past  haimorrhages  were  found  in  the  facial  canal  and  also  between 
the  bundles  of  the  cochlear  and  vestibular  nerves.     Pigment  was 
also  present  in  the  connective  tissue  of  the  membranous  labjTinth. 
In  a  similar  case  previously  recorded  the  same  writers  found,  in 
addition  to  evidences  of  old  haemorrhages,  thickening,  dilatation, 
and,  in  places,  obliteration  of  arteries  of  labyTinth.     Both  these 
patients  had  suffered  from   hallucinations  of   hearing.      Ramsay 
Hunt  (14)  has  described  a  syndrome  characterised  by  herpes  zoster 
oticus  facialis,  or  occipit-collaris,  with   facial  palsy  and   auditoiy 
symptoms.     The  same  condition  had  previously  been  described  by 
Von  Frankl-Hochwart    under  the   title  of   polyneuritis    cerebralis 
Menieriformis  and  by  numerous  other  writers.     In  one  case  Ramsay 
Hunt   (15)    demonstrated  sclerosis  of   the   nerve   of  Wrisberg  on 
microscopical  examination. 


6    Meniere's  symptoms  along  with  facial  paralysis 

Present  Case 

A.  M'R.,  male,  piermaster,  aged  65  ;  patient  suffered  from 
measles  and  typhoid  as  a  child,  and  for  the  last  few  years  from 
rheumatism  and  from  left  inguinal  hernia  ;  no  history  of  syphilis  ; 
his  left  eye  was  removed  thirty  years  ago  ;  patient  stated  that  he 
had  never  suffered  from  deafness  up  to  the  time  of  the  last  Ulness  ; 
father  and  mother  died  of  old  age,  one  brother  of  cancer,  and  one 
sister  of  "  water  in  the  head." 

There  has  been  some  difficulty  in  getting  an  accurate  history 
of  the  case,  but  after  extended  inquiry  we  have  arrived  at  the 
following  account,  which  may  be  accepted  as  correct : — 

On  1st  December  1907  he  had  a  long  day  of  exposure  to  cold 
on  the  pier,  but  went  to  bed  at  night  feeling  well.  The  following 
morning  (2/12/07)  he  woke  up  suffering  from  extreme  giddiness  and 
from  deafness  and  noises  in  the  left  ear  ;  the  left  side  of  his  face 
was  paralysed.  No  history  of  vomiting  was  obtained.  Patient  stated 
that  giddiness  was  the  worst  symptom  of  all ;  he  also  complained 
of  pain  in  the  head  and  limbs,  and  did  not  leave  his  bed  for  a  week. 
While  in  bed  he  sometimes  felt  as  if  surrounding  objects  were  moving 
round  him. 

When  he  did  get  up  he  had  to  lK)ld  on  to  various  articles  of 
furniture  in  order  to  get  about  the  house  ;  he  states  that  he  tended 
to  fall  to  the  right  side — the  side  opposite  to  the  ear  lesion. 

Towards  the  end  of  December  1907  the  deafness  got  worse. 

Patient's  doctor  was  not  consulted  till  6th  January  igo8,  and 
patient  was  not  examined  at  the  Royal  Infirmary  till  nth  February, 
when  he  was  seen  by  Dr  Logan  Turner  at  the  Ear  and  Tiuoat 
Department,  at  the  request  of  one  of  us  (A.  B.).  Dr  Turner's  notes 
are  as  follows  : — Tj-mpanic  membranes  are  both  slightly  indiawn, 
but  are  otherwise  normal.  On  the  right  side  the  watch  is  heard  at 
two  inches,  but  on  the  left  it  is  not  heard  even  on  contact  with  the 
auricle.  Forced  whisper  heard  by  right  ear  at  two  feet  and  by  left 
ear  at  one  foot.  All  tuning-forks  heard  by  air  conduction  by  left 
ear.  Rinne's  test  positive  on  both  sides.  On  inflation  with  the 
catheter  air  did  not  enter  the  left  tympanic  cavity — right  side  not 
tested.  Patient  can  stand  with  his  feet  together  and  eyes  shut 
without  swaying,  but  he  is  unable  to  stand  on  either  foot  alone 
without  tending  to  fall.  Patient  suffers  from  left  facial  paralysis, 
but  can  taste  salt  on  the  anterior  part  of  the  tongue  on  the  left  side. 
Herpes  auricularis  was  not  present :   this  is  interesting,  and  must  be 
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taken  along  with  the  retention  of  the  sense  of  taste  on  the  same 
side  of  the  tongue.  As  %vill  be  seen  from  the  account  of  the  micro- 
scopical examination  of  the  inner  ear,  the  haemorrhage  did  not 
extend  bej'ond  the  internal  meatus,  and  did  not  involve  the  facial 
nerve  in  the  aqueduct  of  Fallopius  nor  the  geniculate  ganglion. 

The  patient  was  admitted  to  Dr  Bruce's  ward  on  February  18, 
1908  ;  on  admission  he  stated  that  he  was  giddy,  even  when  lying 
in  bed,  but  that  the  giddiness  was  worse  in  the  open  air,  especially 
when  passing  vehicles. 

Examination. — Patient  somewhat  emaciated ;  complete  left 
facial  paralysis  ;  left  eyebrow  and  left  corner  of  mouth  are  de- 
pressed ;  no  response  to  the  faradic  current  on  the  left  side  of  the 
face  ;  the  affected  muscles  contract  slowly  to  galvanism,  but  there 
is  no  alteration  of  the  polar  reaction  ;  superficial  and  deep  reflexes 
present  and  active  ;  voluntary  movements  are  weak,  and  hand  grip 
is  \veaker  on  left  than  on  right  side  ;  arterial  walls  thickened  ;  slight 
rough  presystolic  murmur  in  mitral  area  ;  aortic  second  sound 
accentuated  and  reduplicated.     No  evidence  of  leukcemia. 

Urine,  specific  gravity  1014  ;    otherwise  normal. 
Lungs,  both  reveal  extensive  chronic  tuberculosis. 
Joints  of  hands  swollen  and  painful. 

The  diagnosis  made  by  one  of  us  (A.  B.)  was  that  of  neuritis 
of  facial  and  auditory  nerves  in  the  internal  auditory  meatus  ; 
haemorrhage  in  this  situation  was  also  mentioned  as  a  probable 
cause  of  the  sjTnptoms.  In  the  Review  of  Neurology,  Drs  Bruce 
and  Pirie  \\Tite  :  "  The  absence  of  evidence  of  middle-ear  disease 
and  the  retention  of  the  sense  of  taste,  and  the  associated  deafness, 
giddiness,  and  facial  paralysis  indicated  that  the  lesion  was  probably 
situated  between  the  side  of  the  pons  and  the  bottom  of  the  internal 
auditory  meatus." 

Treatment. — Potassium  iodide  10  grs.  t.i.d.  ' 

Galvanic  electricity  to  left  side  of  face. 

Progress. — 4/4/08.  Giddiness  and  facial  paralysis  /;;  statu  quo. 
9/4/08.  Irritable  dermatitis  on  legs. 
10/4/08.  Pot.  iod.  stopped :   aspirine,  10  grs.  t.i.d. 
12/4/08.  Patient  still  feels  very  giddy  if  he  sits  up 
in  bed. 
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17/4/08.  Patient  allowed  to  get  up :    does  not  tend 
to  fall  to  right  as  much  as  formerly.     Con- 
stant   current    passed    from    mastoid    to 
mastoid  daily. 
24/4/08.  Patient  sent  to  Convalescent  House  ;    giddi- 
ness still  present  ;  he  still  suffers  from  rheumatism. 
2/5/08.  Patient     died     suddenly    at     Convalescent 
House  from  syncope  this  morning. 

Post-mortem  examination  held  forty-eight  hours  after  death. 

Summary. — Atrophy  of  second,  third,  fourth,  and  sixth  cranial 
nerves  on  left  side.  Fatty  dilated  heart.  Chronic  venous  con- 
gestion of  organs.  Extensive  chronic  pulmonary  tuberculosis. 
Subacute  interstitial  nephritis.  Brain  shows  definite  milky 
thickening  of  arachnoid  over  inferior  surface  of  cerebellum  and 
circle  of  Willis ;  this  condition  extends  ij  inches  in  front  of 
optic  chiasma  and  also  to  near  the  tip  of  the  temporal  lobe. 

Drs  Bruce  and  Pirie  (16)  found  a  well-marked  Nissl's  reaction 
a  distance  limited  to  the  facial  nucleus  of  the  same  side  only  and  a 
small  nucleus  behind  it ;  the  h^-poglossal  nucleus  and  the  nucleus 
of  the  third  nerve  on  the  same  and  opposite  sides  were  intact — 
thus  showing  conclusi^•ely  that  the  facial  nucleus  is  the  only  nucleus 
of  the  facial  nerve. 

Examination  of  Left  Inner  Ear  and  Auditorv  and  Facial  Nerves. — 
The  left  temporal  bone  was  removed  at  the  post-mortem  on  4th 
May  1908,  i.e.  forty-eight  hours  after  death  ;  it  was  at  once  placed 
in  10  per  cent,  formalin,  where  it  remained  till  25th  March  1909. 
The  inner  ear  spaces  were  then  opened  (J.  S.  F.),  and  the  petrous 
bone  was  prepared  for  microscopic  examination  according  to  Ruttin's 
(17)  method.  The  inner  ear  was  decalcified  in  10  per  cent,  nitric 
acid  and  10  per  cent,  formol  aa.  for  two  months — the  fluid  being 
changed  daily  at  first.  The  specimen  was  then  washed  for  a  week 
in  iTjnning  water,  and  placed  in  70  per  cent,  spirit  for  a  day  or  two  ; 
next  transferred  to  90  per  cent,  spirit  for  three  days  (changed) 
daily  ;  then  absolute  alcohol  for  forty-eight  hours  (changed  once)  ; 
then  absolute  alcohol  and  ether  for  forty-eght  hours  (changed 
once)  ;  next  thin  celloidin  for  one  month,  and  finally  thick 
celloidin  for  one  month.  After  the  thick  celloidin  had  hardened, 
the  superfluous  parts  were  removed  and  the  block  cut  in  the  vertical 
transverse  direction,  i.e.  at  right  angles  to  the  long  axis  of  the 
petrous  pyramid.     In  all  about  doo  serial    sections  were   cut — 20 


Wlical Sccliim  of  CochUa  and  Internal  Auditory 

Meatus,  s/ienaini^^  H(<:morrhai;e. 

T.   Hpemorrhage  beneath  epineurium.     2.  Epi- 

eurium.      3.     Space   between    epineurium    and 


J-'iicial  Nerve  (in  Fallopian  Canal)  passing  adifi'e 
Coehlea,  (note  absence  of  bsemorrhage). 
1.  Facial  nerve.     2.  Space  between  epineurium 
and  wall  of  canal    free  from  hasniorrhage.      3. 
Middle  coil  of  cochlea.     4.  Basal  coil. 


Longitudinal  Seetion  of  Artery  in  Internal 

Auditory  Meatus. 
I.    Hitniorrhage.     2.   Thickened  middle  co; 
of  artery. 


Seventh  and  Eii;hth  Serves  in  Internal  Auditory 
Meatus. 
I.    Hctmorrhage  beneath  epineurium  of  seventh 
nerve.      2.  Thickened  artery.     3.   Haemorrhage 
around  vestibular  ganglion.     4.  Vein. 


PL.XTE  4.— To  I1.I.U.SIKATE  .\KTlCI.h    iiv   1)K   Bkuck  anu  Mk   Fraser. 


N'estibul.ir  gangli, 
3.   Epii 


Haemorrhage, 


;  'cr/ical  Section  ,</  I  'alihi/i: 
I.  Membrane  of  round  window.  2.  Basal 
membrane  {note  absence  of  Corti's  organ). 
3.  Perilymphatic  space  of  vestibule.  4.  Neuro- 
epitheliuni  of  anterior  wall  of  utricle.  5.  Branch 
of  vestibular  ner\e  to  utricle.  6.  Vessel. 
7.  P'acial  nerve.  8.  Footplate  of  stapes. 
9.     I'rnmonlory. 


Dc>i.cnding portion  ol  Facial  .\eii'c  in  Canal 

of  Fallopius. 

I.   Facial  nerve.     2.  Vessels. 


Semicircular  Canals,  shoxvin^  ahcnce  of 
Hamorrhage. 
I.    Membranous    canals.      2.    Perilymphatic 
space. 


Plate  5.— To  Ii,LusrKArt  .\KTicLii  by  Dk  Bkuce  and  Mk  Fkaskk. 


riirce  Sialie  of  Cochlea  from  Middle  Coil. 
Scala  vestibuli.      2.   Scala   media   (cochlear   canal), 
tynipani.      4.     Epithelial    cells    covering    stria 
ilaris.     5.   Basilar  membrane. 


Spiral  Ganglion  oj  Middle  Coil  of  Cochlea, 

I.  Cells  of  ganglion.     2.  Scala  vestibuli.     3.  Scala 
tynipani. 


Corlis  Organ  from  Middle  Coil  of  Coc  Ida 
Outer   pillar   cell.      2.   Inner  pillar  cell. 
I  tecloria.     4.   Reissner's  membrane. 


Corli's  Organ  from  Middle  Coil  of  Cochlea. 
I.  Nerve  fibre  crossing  tunnel  of  Corti. 


I 

\ 


Plate  6.— To  iLLUsrKATii  Aktu  i.k  by  Dr  Bruce  and  Mk  Kraser. 
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M  in  thickness — and  about  150  were  stained  watli  hamalum  and  eosin 
or  by  Van  Gieson's  method.  Owing  to  the  want  of  fixation  in 
Muller's  fluid  and  the  prolonged  soaking  in  formol  it  was  found 
impossible  to  get  good  results  with  the  Pal-\\'eigert  method.  In  spite 
of  the  fact  that  the  temporal  bone  was  only  obtained  forty-eight 
hours  after  death,  it  wiU  be  seen  that  the  structures  of  the  mem- 
branous lab^Tinth  were  well  preserved.  In  forming  an  opinion  as 
to  the  size  of  the  haemorrhage  in  the  internal  meatus  and  the  con- 
dition of  the  auditory,  vestibular,  and  facial  nerves,  it  is  necessary 
to  remember  the  prolonged  soaking  of  the  specimen  in  formol 
solution  for  the  period  of  nearly  one  3'ear. 

Briefly  summed  up,  the  result  of  the  microscopic  examination 
of  the  inner  ear  and  auditory  and  facial  nerves  was  as  follows  : — ■ 
The  inner  ear  was  almost  normal  ;  there  was  no  hemorrhage  in 
the  endo-  or  peri-lymphatic  spaces  of  the  cochlea,  vestibuli  or 
canals  ;  the  membranous  labyrinth  was  also  almost  normal,  as  was 
the  spiral  ganghon  ;  the  neuro-epithelium  of  the  utricle,  saccule,  and 
of  the  cristae  ampullarum  was  well  preserved.  In  the  lower  turn 
of  the  cochlea  Corti's  organ  was  absent  or  degenerated.  The  mucous 
membrane  of  the  middle  ear  was  normal. 

As  wiU  be  seen  from  the  result  of  Dr  Logan  Turner's  examina- 
tion of  the  patient,  the  case  was  probably  one  of  chronic  progressive 
(labyrinthine)  deafness. 

In  the  internal  meatus  there  was  a  considerable  amount  of 
hjemorrhage  between  the  epineurium  and  the  seventh  and  eighth 
nerves  :  this  was  most  marked  above  the  seventh  nerve.  There 
was  no  haemorrhage  between  the  dura  mater  and  epineurium. 
The  vessels  in  the  internal  auditory  meatus  were  markedly  thickened 
and  the  muscular  coat  had  undergone  a  hyaline  change.  The 
haemorrhage  did  not  extend  into  the  Fallopian  canal,  and  did  not 
therefore  affect  the  geniculate  ganglion  :  the  modiolus  of  the  cochlea 
and  the  small  canals  for  the  vestibular  nerves  were  also  free  from 
haemorrhage.  Reference  to  the  reproductions  of  the  photomicro- 
graphs wUl  demonstrate  the  pathological  condition  present  better 
than  a  more  detailed  description. 
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Is  spite  of  the  great  advances  whicli  have  of  recent  years  been 
made  in  the  field  of  intestinal  surgery,  we  have  to  acknowledge 
to-day  a  death  rate  of  20  per  cent,  in  cases  of  intestinal  resection. 
The  major  part  of  this  mortalitv  is  due  to  peritonitis,  the 
infection  occurring  either  at  the  time  of  operation,  or  a  few 
days  later,  from  a  leak  in  the  suture  line. 

Apart  from  operations  of  emergency,  post-operative  peri- 
tonitis is  to  be  feared  chiefly  after  resections  of  large  intestine, 
and  after  operations  for  the  cure  of  fsecal  fistuke,  where  the 
asepsis  of  the  field  of  operation  is  uncertain.  Although  the 
success  of  such  operations  must  always  depend  on  the  skill  and 
judgment  of  the  operator,  and  although  the  patient's  fate  is 
usually  decided  at  the  operation,  we  are  nevertheless  justified 
in  endeavouring  to  find  some  means  of  preparing  the  patient 
before  operation  with  a  view  to  putting  him  in  a  better  position 
to  withstand  infection  of  his  peritoneal  cavity,  should  it  occur 
at,  or  subsequent  to,  the  operation.  This  paper  deals  with  the 
evidence  in  favour  of  the  use  of  certain  measures  designed  for 
that   purpose.     The   subject   of   post-operative    peritonitis    is   a 

*  The  expenses  of  the  experimental  part  of  this  researcii 
were  defra\ed  b\-  a  erant  from  the  Carnecie  Trust. 
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gloomy  one,  for  we  know  that  this  complication  of  intestinal 
surgery  is  ahnost  uniformly  fatal,  and  that  operative  interference 
for  its  relief  is  notoriously  unsatisfactory.  As  a  rule  the 
patient's  only  chance  lies  in  a  rapid  peritoneal  reaction  round 
the  primary  site  of  infection,  with  the  formation  of  adhesions 
walling  it  off  from  the  rest  of  the  peritoneal  cavity.  Now  the 
occurrence  or  the  absence  of  a  prompt  peritoneal  reaction,  with 
the  formation  of  plastic  adhesions  roimd  the  site  of  a  sudden 
infection,  depends  partlv  on  the  number  and  the  virulence  of 
the  bacteria  which  have  escaped  into  the  peritoneal  cavity  and 
partly  on  the  resistive  power  of  the  patient  for  these  bacteria. 
From  animal  experiments  we  know  in  how  prompt  and  efficient 
a  manner  the  peritoneum  reacts  when  it  has  to  deal  with  a  type 
of  infection  to  which  the  animal  has  been  previously  immunised, 
or  to  which  it  is  naturally  not  very  susceptible,  and  on  the  other 
hand  how  the  reactive  powers  of  the  peritoneum  appear  paralysed 
when  called  on  suddenly  to  deal  with  a  virulent  infection  to 
which  the  animal  has  a  low  resistive  power.  In  the  latter  case 
the  bacteria  appear  to  multiply  rapidly  and  to  get  a  firm  footing 
before  the  peritoneum  has  time  to  throw  out  protecting  lymph 
to  form  a  barrier  or  phagocytic  cells  to  combat  the  bacteria. 
On  preparedness  for  prompt  reaction,  therefore,  depends  the 
patient's  fate  in  cases  of  post-operative  peritonitis.  The 
methods  of  preparing  the  patient  to  withstand  infection  which 
are  here  dealt  with,  are  based  on  certain  pathological  data  whicli 
re(]uire  consideration. 

B.\<ti;kioi,0(;v  ov  P(ist-C)i'i:r.\i'i\i;  PKUiToMris. 

It  is  found  in  cases  of  peritonitis  following  intestinal  opera- 
tions that  the  Bacillus  Coli  (nnimunis  is  the  pretlominaling 
organism  in  the  peritoneal  exudate.  Many  observers  have 
regarded  this  organism  as  being  of  secondary  importance  and 
have  attributed  the  fatal  issue  so  frequent  in  these  cases,  to  the 
presence  of  the  streptococcus  or  to  some  an.erobe.  There  is 
nitw,  lidWfNcr,  no  room  for  dimbl  lliat  these  obscrx  ers  greatly 
under-estimated  ihe  \iruleiuc  of  the  Hac.  L"oli  when  it  is  multi- 
plying rapidly  in  the  peritoneal  cavity.  It  has  of  late  been 
frc(|uenll\'  demonstralcd   thai    in  a  generalised   peritonitis,    Mac. 
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Coli  mav  be  the  only  organism  discoverable  both  by  film 
preparations  and  cultures  from  the  exudate,  and  moreover  that 
in  such  cases  a  fatal  issue  is  the  rule.  The  investigations  of 
Dudgeon  and  Sargent  have  given  strong  support  to  this  view. 
We  have  also  every  reason  to  believe  that,  should  a  quantity  of 
a  certain  strain  of  Bac.  Coli  of  comparatively  low  virulence 
escape  into  and  gain  a  hold  in  the  peritoneal  cavity  of  a  patient 
with  low  resistive  power,  the  bacillus,  and  consequently  its 
toxins,  will  increase  in  virulence  as  it  multiplies  and  will 
eventuallv  kill  the  host.  In  any  case,  even  though  this  bacillus 
be  not  the  most  virulent  of  the  germs  which  have  escaped  into 
the  peritoneal  cavity,  its  presence  there  appears  to  favour  the 
growth  of  the  other  bacteria.  It  is,  therefore,  the  germ  against 
which  the  patient  most  needs  protection. 

Thr  Importance  of  a  Prompt  and  Vk;orotjs  Reaction  in  the 
Peritoneal  Cavity,  in  Cases  of  Peritonitis. 
Too  strong  emphasis  cannot  be  laid  on  the  value  of  a  rapid 
and  profuse  emigration  of  phagocytes  into  the  peritoneal  cavity 
in  infections  of  that  cavity,  and  we  now  recognise  that  the  cases 
of  peritonitis  with  the  worst  prognosis  are  not  those  in  which 
the  peritoneal  exudate  is  thick  and  purulent,  but  those  where  it 
is  scanty,  clear  and  serous  but  laden  with  germs.  The  following 
experiment  (although  intended  for  another  purpose)  brought  out 
these  points  so  clearly  that  it  is  here  recorded  in  detail. 

¥..tpcriment  1. 

6.  i.  09.  To  each  of  three  full  grow  n  rabbits  an  intraperi- 
toneal injection  of  a  bacterial  emulsion  consisting  of  1500  million 
staphylococci  and  50  million  pneumococci  was  given  (this  was 
I J  times  the  lethal  dose  of  this  combination  of  bacteria).  On 
January  7th,  24  hours  after  injection,  peritoneal  fluid  was 
withdrawn  from  each  rabbit  by  means  of  a  capillary  glass  pipette 
and  films  were  made.  It  was  now  found  that  one  of  the  rabbits 
(rabbit  1)  had  been  suffering  from  a  subcutaneous  abscess  on 
the  left  gluteal  region  which  was,  however,  practically  healed. 
No  staphylococci  or  ])iu'umorocci  were  found  in  what  little 
discharge  there  was  from  ihe  abscess.     This  rabbit  (i)  appeared 
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quite  well  and  ate  heartily  on  the  morning  after  the  peritoneal 
injection ;  the  other  two  rabbits  looked  dull  and  did  not  eat. 
The  peritoneal  fluid  from  rabbit  i  was  turbid  and  purulent, 
from  rabbits  2  and  3  it  was  clear  and  serous,  and  microscopic 
examination  revealed  the  fact  that  whereas  in  the  fluid  from 
rabbit  i  polymorph  leucocytes  showing  active  phagocytosis 
abounded,  in  the  fluid  from  rabbit  2  there  were  very  few  poly- 
morphs, and  in  that  from  rabbit  3  onlv  a  limited  number.  On 
January  8  (48  hours  after  injection)  the  difference  between  the 
animals  was  still  more  striking.  Rabbit  i  now  appeared  quite 
well,  whilst  rabbit  2  was  very  dull  and  abdominal  looking,  and 
rabbit  3  though  better  than  2  was  not  eating.  Peritoneal  fluid 
was  again  withdrawn  from  the  three  rabbits.  In  rabbit  i  it  was 
thick  and  purulent,  from  rabbits  2  and  3  it  was  serous  and 
showed  only  verv  slight  turbidilv.  Microsco]3ic  examination 
showed  that  the  fluid  from  1  was  crowded  with  polymorphs, 
most  of  which  contained  cocci,  and  verv  few  cocci  remained 
unphagocyted.  The  film  from  rabbit  2  showed  verv  few  poly- 
morphs, but  man\'  cocci  free  in  the  fluid,  whilst  in  the  fluid 
from  rabbit  3  there  were  more  polymorphs  but  also  many  free 
cocci.  Rabbit  2  died  58  hours  after  the  start  of  the  peritoneal 
infection,  and  p.m.  showed  a  purulent  plastic  peritonitis.  Its 
heart  blood  was  sterile.  Kxamiiiation  of  the  blood  of  rabbits  i 
and  ,:;  now  showed  that  the  former  had  a  leucocytosis  of  U),ooo, 
the  latter  no  leucocytosis  (7000)  and  differential  counts  showed 
that  the  polymorphs  in  rabbit  i  averaged  75  per  cent.,  in  rabbit  3 
only  60  per  cent.  Rabbit  3  died  3^  days  after  the  injection  and 
post  mortem,  a  condition  of  pyjemia  was  found  with  abscesses 
in  lungs  and  liver.  Rabbit  i  lived  for  8J  days  after  infection  ; 
post  mortem  a  purulent  plastic  peritonitis  was  found  :  the  heart 
blood  was  sterile. 

This  experiment  brings  out  very  clearly  several  im[3ortanl 
points.  The  first  is  that  the  pre.sence  of  a  leucocytosis  in  the 
blood  favours  a  good  leucocyte  emigration  into  the  peritoneal 
cavity.  (That  is  as  one  woukl  cxpfci.)  Tlu-  second  is  that  ;i 
good  cellular  emigration  into  the  peritoneal  eflusion  is  one  ot 
the  chief  factors  making  for  success  in  the  combat  with  the 
iinailing  germs.     TliirdK',   (hal  from   llie  naked  e\i'  a|)])earani'e 
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of  the  peritoneal  fluid,  one  cannot  judge  as  to  the  extent  or 
virulence  of  the  infection.  It  was  noteworthy  that  whilst  in 
rabbit  i  turbid  purulent  fluid  was  withdrawn  on  the  second  day, 
in  rabbits  2  and  3  the  fluid  was  almost  clear. 

The  purulent  character  of  the  fluid  ivas  evidence,  not  of  the 
severity  of  the  infection,  but  of  the  intensity  and  vigour  of  the 
rabbit's  resistive  powers. 

Incidentally  one  would  draw  attention  to  the  practical  bearing 
of  this  on  the  surgical  treatment  of  peritonitis.  On  opening  the 
abdomen  of  a  patient  suffering  from  peritonitis  free  sero-purulent 
fluid  is  found.  (The  source  of  the  infection  is  immaterial.) 
One  cannot  tell  from  naked  eye  examination,  whether  that  fluid 
is  germ  free  and  protective,  or  whether  it  is  germ-laden  and  a 
menace  to  the  patient.  The  only  satisfactory  test  is  an  imme- 
diate microscopic  examination.  This  can  be  made  in  the 
operating  theatre  in  3  minutes.  If  the  film  shows  numerous 
undegenerated  cells  and  no  free  micro-organisms,  then  the  fluid 
is  protective  and  should  be  left  alone.  If  on  the  other  hand, 
the  cells  are  beginning  to  degenerate,  and  free  cocci  or  bacilli 
are  seen,  then  the  fluid  is  a  menace  to  the  patient  and  douching 
out  of  the  abdomen  is  indicated.  To  put  it  briefly  : — Before 
washing  out  an  abdomen,  one  should  know  what  one  is  washing 
out,  and  before  refraining  from  washing  out  an  abdomen,  one 
should  know  accurately  what  one  is  leaving  behind  in  it.  The 
knowledge  gained  from  an  immediate  microscopic  examination 
of  the  fluid  is  also  invaluable  in  aiding  an  accurate  prognosis 
in  such  cases. 

The  Value  of  Preliminary  Ixjicctions  of  Vaccines  in 
Preventing  Fatal  Peritonitis. 

If  we  grant  that  the  Bac.  Coli  plays  an  all  important  role  in 
peritonitis  following  intestinal  operations,  the  question  now 
arises:  Could  we  b\-  giving  injections  of  a  \accine  made  from  a 
virulent  strain  or  from  several  strains  of  B.  Coli,  to  a  patient 
before  an  intestinal  operation,  raise  his  resisti\e  power  to  post- 
operatixc  ]ieritonitis  ?  Several  experiments  were  carried  out  on 
animals  wilh  a  \  lew  to  testing  this  question,  and  the  results  of 
these  obser\ations  are  given  below. 
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The  experiments  were  carried  out  on  rabbits  and  guinea  pigs, 
and  the  following  method  was  employed  : — The  lethal  intra- 
peritoneal dose  of  a  certain  strain  of  bacteria  (staphylococcus 
aureus  for  rabbits,  B.  Coli  for  guinea  pigs)  was  first  ascertained. 
In  one  series  of  animals  preliminary  subcutaneous  injections  of 
a  vaccine,  made  from  cultures  of  the  bacteria  to  be  used  later  in 
inducing  peritonitis,  were  given.  Slightly  more  than  the  lethal 
dose  of  the  bacterium  was  then  injected  into  the  peritoneal 
cavity  of  each  of  the  vaccinated  animals  and  an  equal  dose  from 
the  same  culture  was  likewise  injected  into  the  unvaccinated 
control  animals.  The  experiments  extended  over  several  weeks 
and  as  the  virulence  of  the  bacteria  varied  considerably  from  day 
to  day  a  fresh  control  animal  was  used  for  each  experiment.  In 
some  of  the  experiments  only  one  preliminary  vaccine  injection 
was  given,  in  others  several  injections  were  given,  at  intervals 
of  6  or  7  days,  before  inducing  peritonitis.  In  most  cases  the 
vaccine  used  was  made  from  the  same  virulent  strain  of  bacteria 
as  was  used  for  intraperitoneal  injection,  in  a  few  cases,  however, 
a  vaccine  made  from  an  old  stock,  non-virulent,  laboratory 
culture  of  the  same  organism  was  used.  Twelve  such  experi- 
ments were  carried  out.  In  three  of  these  experiments  the 
animals  which  had  received  the  preliminary  vaccine  injection 
survived,  whilst  the  controls  died  of  peritonitis.  In  two  experi- 
ments the  xarcinatcd  animals  made  prompt  recoveries,  whilst 
the  controls  were  ill  for  two  or  three  days  but  then  recovered. 
In  two  experiments  both  the  vaccinated  animals  and  the  controls 
made  prompt  recoveries.  In  one  experiment  both  the  vaccinated 
animal  and  the  control  died  at  practiiallv  the  same  length  of 
time  after  the  induction  of  peritonitis.  In  two  experiments  the 
controls  lived,  whilst  the  vaccinated  animals  died.  In  one  of 
the  latter,  however,  two  enormous  doses  of  vaccine  had  been 
given  shortly  before  the  peritonitis  was  induced,  and  whilst  a 
marked  ncgati\"c  phase,  as  shown  bv  opsonic  examination,  was 
still  present.  In  the  other  case  the  vaccinated  animal  died  of 
acute  enteritis  wiiirii  nia\-  or  nia\-  not  iiave  been  caused  by  the 
peritonitis.  in  most  cases  ilaily  opsonic  examinations  were 
made,  but  liic  only  important  iinint  brought  out  by  these  was 
that  the  stale  of  the  opsonic  index  for  the  infecting  bacteria  was 
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of  no  prognostic  value.  Thus  some  of  the  animals  which  died 
had  a  very  high  index,  whilst  in  others  which  recovered,  the 
index  was  low.  This  but  confirmed  what  one  had  found  in  the 
human  subject  in  acute  abdominal  infections.  From  these 
experiments  one  concluded  that  the  preliminary  injection  of  a 
suitable  vaccine  did  give  some  protection  against  death  from 
peritonitis,  provided  the  vaccine  was  given  in  reasonable  dosage, 
and  provided  a  sufficiently  long  interval  was  allowed  to  elapse 
between  the  injection  of  the  vaccine  and  the  onset  of  peritonitis. 
One,  therefore,  felt  justified  in  using  this  method  in  the  human 
subject  in  cases  where  an  intestinal  resection  was  anticipated. 
Accordingly  this  method  was  employed  in  eight  cases  of  resec- 
tion of  large  intestine.  A  vaccine  was  made  from  a  virulent 
strain  of  Bac.  Coli  obtained  from  a  case  of  acute  appendicitis. 
One  or  more  injections,  each  of  150  million  dead  bacteria,  were 
given  some  days  before  operation.  It  was  found  advisable  to 
allow  at  least  two  days  to  elapse  between  the  vaccine  injection 
and  the  operation,  to  ensure  the  negative  phase  being  over. 

No  conclusions  as  to  the  value  of  preliminary  vaccine  injec- 
tions could  possibly  be  drawn,  however,  from  such  a  small 
number  of  cases,  and  all  one  can  say  is,  that  such  injections 
produced  no  untoward  effects. 

Artificial  Stimllation  of  Leucocytosis  before  Abdominal 
Operations. 

Under  this  heading  two  forms  of  leucocytosis  demand  con- 
sideration ;  firstly  a  peritoneal  leucocytosis,  and  secondly  a 
leucocytosis  in  the  general  blood  stream.  The  wonderful  power 
of  reaction  to  any  form  of  irritation,  possessed  by  the  peritoneum 
has  long  been  a  matter  of  common  knowledge.  Issaeff  showed 
that  the  cellular  reaction  produced  by  the  intraperitoneal  injec- 
tion of  such  harmless  agents  as  sterile  saline  and  broth,  or  still 
more  so,  by  nuclein  and  its  allies,  would  protect  an  animal 
tii'Oity-four  liour'i  later  against  the  intraperitoneal  injection  of 
ten  times  the  lethal  dose  of  the  cholera  spirillum. 

Issaeff's  results  have  i)een  contirmed  and  amplified  by  very 
numerous  observers,  especially  liorchard,  and  by  Diez  and 
Compara,    and    we    know    that    the    inlraperiloneal    injection    of 


8  Post -Operative  Peritov'ttifi. 

practically  any  non-lethal  substance  will  produce  a  peritoneal 
leucocytosis  and  will  protect  the  animal  24  hours  later  against 
the  injection  of  one  or  more  lethal  doses  of  bacteria.  This 
striking  discovery  is  surely  a  very  strong  argument  in  favour  of 
performing  serious  abdominal  operations  in  two  stages  if  posible. 
For  example,  if  the  abdomen  be  explored  and  a  large  adherent 
but  still  removable  carcinoma  of  the  c;ecum  or  ascending  colon 
be  found,  in  the  light  of  IssaefT's  work  it  would  be  advisable  to 
make  a  lateral  anastomosis  between  the  ileum  and  transverse 
colon,  to  pour  saline  into  the  abdomen,  and  several  days  later 
to  excise  the  diseased  portion  of  bowel.  The  peritoneum  would 
thus  be  prepared  for  any  infection  which  might  take  place  during 
the  more  difficult  part  of  the  operation.  Thnugii  well  aware  of 
the  clinical  disadvantages  of  such  a  nicthod,  one  feels  sure  that 
the  risk  of  death  from  peritonitis  which  in  such  cases  is  b\-  no 
means  small,  would  be  considerably  lessened. 

Mickulicz,  in  one  or  two  cases,  gave  intraperitoneal  injections 
of  nucleic  acid  to  patients  the  day  before  performing  an 
abdominal  operation  on  them.  He  very  quickly  came  to  the 
conclusion,  however,  ihal  the  risk  and  discomfort  attending  this 
method,  discjualified  it  for  general  use. 

Mijake,  working  in  Mickulicz'  laboratorv,  found  that  in 
guinea  pigs  the  suhciitaucoiis  injection  of  nuclein  produced  a 
leucocytosis  in  their  blood,  and  protected  iheni  to  some  extent 
(2-1,  times  the  lethal  dose)  against  peritonitis  induced  9  hours 
later. 

This  method  of  subcutaneous  injection  of  2-6  cc.  of  5  per  cent, 
nucleic  acid,  Mickulicz  extensively  practised  as  a  preliminary 
measure  to  abdominal  t)perations,  with,  he  thought,  improved 
results.  His  imtimelv  death,  however,  cut  short  his  observa- 
tions. 

The  sul)(  ulancons  injeciitm  of  nucleic  acid  in  the  hunian 
suhjcii  and  in  .-iniinals  is  followed  fairl\-  coiistantlv  iiv  definite 
changes  in  the  hlood.  I'"or  the  lirsi  few  hours  (i  iiour — 6  hours) 
there  is  a  well  inark<'d  len( opa-nia,  the  leucoovte  count  frequently 
falling  from  Sooo  down  Id  4000.  The  leucoc\  res  in  liie  blood 
then  rapidU-  increase  in  nmnher  and  ma\-  rise  in  the  iiuman 
subject,    12  iiours  after  llie  injection,  to  25,000.     In  rai)hils  and 
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guinea  pigs,  thev  seldom  rise  above  15,000,  and  frequently  do 
not  reach  that  figure.  The  increase  is  found  to  be  almost 
entirely  in  the  polymorph  leucocytes. 

The  Effect  of  the  Subcutaneous  Injection  of  Nucleic  Acid 
ON  THE  Peritoneum. 

It  is  certainly  of  interest  and  importance  to  know  whether, 
along  with  the  leucocytosis  in  the  blood,  any  increase  in  the 
number  of  cells  in  the  peritoneal  cavity  takes  place  after  the 
subcutaneous  administration  of  nucleic  acid.  To  ascertain  this 
the  following  experiment  was  carried  out. 

Experiment  II. 

Two  rabbits  were  each  given  2  cc.  of  5  per  cent,  nucleic  acid 
simultaneously  ;  a  third  rabbit  was  used  as  a  control.  Peritoneal 
fluid  was  drawn  off  hourly  by  means  of  a  capillary  pipette  from 
one  of  the  "nuclein  rabbits  "  (i),  and  from  the  control  (3).  The 
other  "nuclein  rabbit"  (2)  was  left  alone  imtil  a  leucocvtosis  in 
its  blood  was  established. 

In  rabbits  i  and  3  after  the  first  three  hours,  a  polymorph 
leucocytosis  in  the  peritoneal  cavity  began  to  be  evident,  and 
this,  during  the  next  3-4  hours  became  more  and  more  marked 
(due  no  doubt,  to  the  repeated  irritation  caused  by  the  punc- 
tures). It  was,  however,  much  more  marked  in  rabbit  i,  which 
had  received  the  nuclein,  than  in  rabbit  3  which  had  not. 

After  seven  hours  (a  leucocytosis  in  the  blood  being  already 
present)  peritoneal  fluid  was,  for  the  first  time,  draw'n  ofif  from 
rabbit  2,  but  not  a  single  polymorph  leucocyte  was  found  in  the 
films  from  the  fluid  obtained.  This  showed  that  nuclein  does 
not  produce  a  leucocytosis  in  the  peritoneal  cavity  when  injected 
subcutaneously,  unless  the  factor  of  some  local  irritation  of  the 
peritoneum  be  introduced,  but,  given  this  latter  factor,  an 
emigration  of  polymorphs  into  the  peritoneal  cavity  is  favoured 
and  hastened  by  the  presence  of  a  leucocytosis  in  the  blood. 
This  observation  has  been  repeatedh-  confirmed. 

In  rabbits  and  guinea  pigs  one  has  found  thai  though  the 
preliminary    subcutaneous  administration   of   nucleic  acid  does 
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give  some  protection  against  peritonitis,  this  protection  is  not 
very  striking  nor  is  it  cjuite  constant.  I  his  will  be  seen  from 
the  experimental  results  detailed  later. 

During  the  years  1905  and  igo6,  Mr.  Caird  employed  this 
method  of  preliminary  injection  of  nuclein  in  most  of  his 
abdominal  cases  in  the  Edinburgh  Royal  Infirmary.  He  has 
kindly  permitted  me  to  look  through  the  notes  on  these  cases. 

In  all  of  them  8  cc.  of  5  per  cent,  nucleinic  acid  (Park  Davis) 
was  given  at  approximately  twelve  hours  before  operation.  The 
injections  were  often  followed  by  considerable  discomfort;  it  has 
since  been  found,  however,  that  by  employing  a  2  per  cent, 
isotonic  solution  of  this  drug  all  discomfort  may  be  avoided. 
Leucocyte  counts  were  made  in  all  cases  before  the  injection  of 
the  drug  and  again  just  before  operation.  In  60  cases  so 
treated,  some  degree  of  leucocytosis  was  invariably  produced 
by  the  nuclein  injection.  The  leucocytosis  varied  from  10,000 
up  to  (in  one  case)  26,000,  the  average  for  all  the  cases  being 
15,500.  Owing  to  the  varied  nature  of  the  cases  so  treated  it 
was  of  necessity,  very  difficult  to  judge  exactly  how  much  benefit 
they  derived  from  the  nuclein  injections.  One  could  only  say 
that  having  a  leucocytosis  in  their  blood  at  the  time  of  operation, 
in  the  light  of  our  experimental  evidence,  thev  were  presumably 
in  a  better  condition  to  withstand  peritoneal  infection,  than 
would  otherwise  have  been  the  case. 

Thi:  Combination"  ok  Vacxini:  and  Nuclkin   Injections  as  a 
Protix'tivk  Measiki:  acainst  Peritonitis. 

Several  experiments  were  carried  out  to  test  whether  the 
administration  of  both  vaccine  and  nuclein  before  the  onset  of 
a  peritonitis  would  give  greater  protection  against  a  fatal  issue 
than  was  given  by  either  of  these  agents  employed  alone.  As 
will  be  seen  from  the  records  of  ex])eriments  given  below,  this 
combination  pioxcil  lo  be  greatlv  superior  to  either  vaccine  or 
iiui  Iciii  alone,  M)  nuK  I1  mi  that  one  is  encouraged  to  hope  that  it 
m,i\   pr(i\('  1(1  he  of  considerable  \alue  in  human  surg(>r\'. 

The  llrsl  (if  these  exjierimcnls  is  here  rccdrdcd  in  dclaii,  the 
others  are  yiven  in  tabular  form. 
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Experiment  I. 

Four  rabbits  were  used,  and  before  inducing  peritonitis  the 
following  treatment  was  given  :   - 

Rabbit  i  was  given  subcutaneously  vaccine  and  nucleic  acid. 
Rabbit  2  was  given  subcutaneously  vaccine  alone. 
Rabbit  ,^  was  given  subcutaneously  nucleic  acid  alone. 
Rabbit  4  was  on  control. 

Rabbits  i,  2  and  3  were  of  ecjual  size  and  weight.  Rabbit  4 
was  larger,  weighing  100  grms.  more;  it  was  therefore  made 
the  control. 

Dec.  4th,  08,  12  noon.  Rabbits  i  and  2  each  given  a  subcu- 
taneous injection  of  staphylococcus  aureus  vaccine  (660  million 
cocci). 

Dec.  6th,  5  p.m.  Rabbits  1  and  3  each  given  a  subcutaneous 
injection  of  2  c.cm.  5  per  cent,  nucleic  acid. 

Dec.  7th,  08,  2.30  p.m.  All  four  rabbits  given  an  intra- 
peritoneal injection  of  14,000  living  staphylococci. 

Rabbit  i  never  showed  any  signs  of  illness  and  made  a  com- 
plete recovery. 

Rabbit  2  began  to  look  dull  two  hours  after  the  injection  and 
died  within  seven  hours.  Post  mortem  : — staphylococci  grown 
on  culture  from  peritoneal  fluid  and  from  heart  blood. 

Rabbit  3  remained  well  for  3^  hours,  then  began  to  be  dull 
and  died  10  hours  after  injection.  Post  mortem  : — same  finding 
as  in  rabbit  2. 

Rabbit  4  (control)  was  fairly  well  for  10  hours,  then  became 
very  dull  and  died  16  hours  after  injection.  Peritoneal  fluid 
was  drawn  off  every  hour  from  all  four  rabbits  from  the  time  of 
injection  until  the  death  of  rabbits  2,  3  and  4,  and  films  from 
this  were  examined.  It  was  seen  that  whereas  in  rabbit  i  the 
cells  in  the  peritoneal  fluid  were  plentiful  and  soon  obtained 
the  upper  hand  of  the  cocci,  in  rabbits  2,  3  and  4  the  cells  were 
much  less  nunuTous,  and  after  a  stage  of  uncertainty,  lasting 
for  about  t)ne  hour,  during  which  the  cells  and  the  bacteria 
appeared  to  be  equally  numerous,  the  latter  multiplied  rapidlv 
and  the  cells  degenerated  until  just  before  death  the  peritoneal 
fluid  was  swarming  with  cocci  and  but  few  cells  were  to  be  seen. 
This  ('xpcrinicnt   again   showed   ver\-   clearU'    liow    in   severe 
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peritoneal  affections  the  fate  of  the  animal  depends  very  largely 
on  the  vigour  of  the  initial  reaction,  and  that  apparently  the 
preliminary  treatment  with  vaccine  and  nuclein  favoured  a 
prompt  and  successful  reaction. 

Experiment  II. 

In  this  experiment  in  order  to  make  (he  peritonitis  more  fully 
resemble  post-operative  peritonitis  of  the  human  subject,  an 
abdominal  operation  was  performed  on  each  rabbit  (under  ether 
anaesthesia),  its  appendix  being  removed,  just  before  the  intra- 
peritoneal injection  of  cocci  was  given. 


Experiment  II. 


Animal. 


Preliminary 
Injection  of 


Intraperitoneal 
Injection  of 


Result. 


Rabbit  I.     ... 

...     Vacc.  and 

3,000  mill. 

Recovery. 

Nuclein. 

Staph.  Aur. 

Rabbit  II.    ... 

...     Vaccine  onl}-. 

" 

Death  20  hrs. 
after  injec. 

Rabbit  III.... 

Nuclein. 

" 

Death  8  daj-s 
after  injec. 

Rabbit  IV.... 

Control. 

" 

Death  18  hrs. 
after. 

In  this  experiment  (II)  the  animal  which  had  preliminary 
treatment  with  vaccine  and  nuclein  never  showed  any  ill  effects 
from  the  operation  or  subsecjuent  peritonitis. 

In  E.Kperimcnt  III.  no  operation  was  performed  before  the 
induction  of  peritonitis. 


Animal 


Experiment  III. 

Preliminary         Intraperitoneal 
Injection  of  Injection  of 


Rabbit  I.  ... 
Rabbit  II.  ... 
Rabbit  III.... 
Rabbit  IV.  ... 


Vacc.  and 
Nuclein. 
Vaccine  only. 

Nuclein  on!)-. 

Control. 


4,500  mil 


Result. 

Prompt 

recovery. 
Death  5  days 

later. 
Death  lo  hr.s. 

after  injec. 
Ill  but 

recovered. 
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The  following  three  experiments  were  carried  out  on  guinea 
pigs,  and  a  moderately  virulent  strain  of  Bac.  Coli  Communis 
was  the  bacterium  used.  An  additional  factor  was  introduced 
into  these  experiments,  in  that  the  relative  values  of  a  vaccine 
made  from  a  virulent  strain  of  B.  Coli  and  one  made  from  an 
old  stock  laboratory  culture  were  tested.  Six  guinea  pigs  were 
used  in  each  experiment  so  that  the  relative  values  of  the  two 
vaccines  when  used  alone  and  when  in  conjunction  with  nucleic 
acid  might  be  observed.  The  vaccine  injections  were  in  each 
experiment  given  two  days,  and  the  nucleic  acid  injections  14 
hours,  before  peritonitis  was  induced.  Both  injections  were  of 
course  given  subcutaneously. 


Animal. 


Experiment  IV. 

Preliminary         Intraperitoneal 
Treatment  Injection  of 


Result. 


G.P.I 

G.F.  II. 

G.P.  III.      ... 
G.P.  IV.      ... 

G.P.  V. 

G.P.  VI.       ... 


'Virulent"  Vacc.     600  million 
+  Nuclein.  virulent  B. 


"Virulent"  Vacc. 
alone. 

"Stock"  Vaccine 
+  Xuclein. 

"Stock"  Vaccine 
alone. 

"Neuclein"  alone 

Control. 


Coli. 


Prompt 
recover)-. 

Dull  for  a  few 
hours  but 
recovered. 

Ill  for  24  hrs. 
but  recov'd. 

Very  dull  for 
2  days  but 
recovered. 

Died  20  hrs. 
after  injec. 

Very  dull  for  3 
day.s,  even- 
tuallyrecov. 


In  tills  experiment  (1\')  the  animal  which  received  the  injec- 
tions of  virulent  vaccine  and  nuclein  never  showed  the  slightest 
indisposition  and  twelve  hours  after  the  infection  could  at  once 
be  picked  out  from  all  the  others. 
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Experiment  V. 


Animal. 


Preliminary 
Treatment. 


Intraperitoneal 
Injection  of 


Result. 


G.P.  I.... 

G.P.  II. 
G.P.  III. 
G.P.  IV. 
G.P.  V. 
G.P.  VI. 


i,loo  million 
virulent  B. 
Coli. 


Recovered  and 

was    well    8 
da\'s      after 

infection. 
Died  15  hours 

after  injec. 
Died  ig  hours 

after  injec. 
Died  1 1  hours 

after  injec. 
Died  13  hours 

after  injec. 
Died  10  hours 

after  injec. 

Here  again,  the  animal  which  received  the  virulent  vaccine 

and  nuclein  differed  markedly  from  all  the  others. 


'Virulent"  Vacc. 
+  Nuclein. 


..."Virulent"  Vacc. 

alone. 
..."Stock"  Vaccine 

+  Nuclein. 
..."Stock"  Vaccine 

alone. 
...  Nuclein  alone. 

...  Control. 


Experiment  VI. 


Animal. 


G.P.  I.  ... 

G.P.  II.... 
G.P.  III. 

G.P.  IV. 

G.P.  v.... 

G.P.  VI. 


Preliminary 
Treatment. 


Intraperitoneal 
Injection  of 


Control. 


Result. 


..."Virulent"  Vacc. 
+  Nuclein. 

..."Virulent"  \'acc. 

alone. 
..."Stock"  Vaccine 

+  Nuclein. 

..."Stock"  Vaccine 


Nuclein  alone. 


1,100  million 


Slightly  ill  for 
24  hours, 
recovery. 

Ill  for  30  hrs., 
recovery. 

Slightly  ill  for 
30  hours, 
reco\ery. 

\'ery  ill   for  3 
days, 
reco\'ery. 

Ver)-  dull  for 
3  days, 
recovery. 

Died  30  hours 
after  injec. 


Rccogni.sing   thai    the   injection   of   a   virulent   vaccine  and 
nuclein    did   give   con.siderable    protection    against    deatii    from 
peritonitis,   one  next  wished  to  a.scertain   what   tiie  extent   anil 
limits  of  that  protection  were.     The  following  experiment  (\'li 
was  therefore  carried  out  wilh  llial  purpose. 
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Experiment  Vll. 

The  minimal  lethal  dose  of  a  virulent  B.  Coli  for  a  guinea 
pig  of  a  certain  weight  was  ascertained  by  giving  graduated 
doses  to  a  series  of  those  animals. 

The  minimal  lethal  dose  of  the  Bac.  Coli  used  in  this  experi- 
ment (VII)  was  700  million  bacilli  for  a  guinea  pig  weighing 
500  grms. 

Multiples  of  this  dose  of  B.  Coli  were  injected  into  eight 
guinea  pigs,  four  of  which  had  received  preliminary  treatment 
with  virulent  vaccine  and  nuclein,  the  other  four  acting  as 
controls. 

Experiment  VII. 

Animal.        Weight.       Preliminary      Intraperitoneal         ^^^^^^ 
°  treatment.         Iniection  ot 


T 

G.P.  I.    ...  410  grm. 

"Vir."  Vacc. 
+  Nuclein. 

1,000  million 
virulent  H. 

Coli. 

Prompt 
recover)-. 

I. 

G.F.              450  grm. 
(Control) 

Nil. 

Death  iQhrs. 
after  injec. 

^G.P.  II. ...  4800-rm. 

"Vir."  Vacc. 
+  Nuclein. 

1,500  million 
virulent  B. 

Very  ill  for  2 
day.s, 

II. 

G.P.              500  grm. 
(Control) 

Nil. 

Coli. 

recover}'. 

Death  17^^ 

hours  after 

injection. 

III. 

G.P.  111.  .  440  grm. 

G.P.              490  grm. 
.    (Control) 

"Vir."  Vacc. 
-)-  Nuclein. 

Nil. 

2,000  million 
\'irulent  B. 
Coli. 

Ill  for24hr,s. 
but  recov'd. 

Death  i6hr.s. 
after  injec. 

IV. 

-G.P.  IV.    .  600  grm. 

G.P.              680  grm. 
(Coiitroi;i 

"\'ir."  Vacc. 

+  Nuclein. 

Nil. 

3,500  million 
virulent  B. 
Coli. 

Ill  for  3  days 
but  recov'd. 

Death  25  hrs. 
after  injec. 

It  should  be  noted  that  each  of  the  control  guinea  pigs  weighed  more 
than  the  corresponding  animal  which  had  received  preliminary  treatment. 

I'rom  Experiment  \TI.  it  is  seen  that  preliminar\-  treatment 
with  vaccine  and  nuclein  gave  protection  against  rather  more 
than  tiiree  times  the  lethal  dose  of  Bac.  Coli. 

The  results  obtained  with  this  combination  of  vaccine  and 
nuclein  were  sufficiently  striking  to  warrant  its  employment  in 
the  human  subject  before  intestinal  operatit)ns. 
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Vaccine  and  Nuclein  Injections  in  the  Human  Subject. 

Through  the  kindness  of  Professor  Caird  I  have  had  the 
opportunity  to  employ  this  method  in  the  human  subject  before 
operations  for  resection  of  large  intestine  in  i6  cases,  and,  so 
far  as  one  could  judge,  with  benefit  to  the  patients.  The  cases 
comprised:  resection  of  the  sigmoid  for  carcinoma,  7  cases; 
excision  of  the  rectum  by  the  abdomino-perineal  route,  5  cases ; 
resection  of  intestine  for  cure  of  faecal  fistula,  4  cases. 

Of  these  16  cases,  14  recovered,  and  2  died  within  ten  days  of 
operation.  Death  was  due  in  one  case  to  sudden  heart  failure, 
and  in  the  other  to  chronic  intestinal  toxaemia.  Post  mortem 
examination  in  both  the  fatal  cases  confirmed  the  absence  of  any 
peritonitis. 

It  was  also  practised  before  operation  for  gall-stones  and 
cholecystitis,  3  cases;  and  perineal  excision  of  the  rectum,  3 
cases.  The  method  is  particularly  applicable  in  cases  of  chronic 
obstruction  due  to  a  malignant  stricture  of  the  great  gut,  where, 
owing  to  the  faecal  accumulation  above  the  growth,  a  preliminary 
colostomy  must  be  performed  to  allow  of  a  thorough  clearing 
out  of  the  bowel  aboxe  the  growth,  In-fore  the  radical  operation 
for  its  removal  is  undertaken. 

Such  cases  are  of  ver\'  frequent  occurrence,  and  the  danger 
of  infecting  the  peritoneal  cavity  at  the  second  operation,  which 
is  conducted  alongside  a  fanal  lislula,  is  a  \erv  real  one.  The 
time  w  hich  intervenes  between  the  performance  of  the  colostomy 
operation  and  of  the  second  operation  for  removal  of  the  neo- 
plasm may  be  well  employed  by  raising  the  patient's  resistance 
to  a  B.  Coli  infection  by  the  administration  of  one  or  more  doses 
of  coli  vaccine  and  ol  nucleic  acid.  The  following  case  illus- 
trates the  use  of  this  nieliiod. 

Acu'lc  Intrstinal  Ohslnidinu  frum  an  Annular  Carcinoma  of  the 
rdvic  Colon. 
I  si     Operation.       Cecoslonu-,     resecliim     of     (he     neoplasm, 
colosloinw 

2nd    Operation.       I.aler.-il    .-inasidniosis    hciwcen     transverse 

colon  and  recluin. 
Vaccine  and  nuclein  Irealnienl  biMore  2nd  o|)eralion. 
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John  J.,  a;t.  64.  Had  suffered  from  constipation,  flatulence 
and  pains  in  the  abdomen  for  two  months.  Acute  symptoms 
for  one  week. 

State  on  Admission.  Patient  suffering  from  profound  intes- 
tinal toxremia.     .Abdomen  greatly  distended. 

Operation,  February  27th,  1909.  Incision  as  for  Inguinal 
colotomv,  tumour  of  the  fi.xed  iliac  colon  discovered.  During 
manipulation  the  tumour  tore  across,  necessitating  immediate 
resection.  Open  ends  of  colon  brought  out  in  left  lumbar 
region.  Incision  made  over  caecum  and  a  ca;costomy  performed. 
Patient  survived  this  operation  and  bowels  acted  well  through 
both  openings.  On  March  5th,  his  opsonic  index  for  B.  Coli 
=  83.  He  was  given  a  subcutaneous  injection  of  200  million 
B.  Coli  Vaccine. 

On  March  nth.     Index  for  B.  Coli=  113. 

On  March  i6th.  Index  for  U.  C"oli=ri4.  Civen  a  second 
injection  of  200  million  B.  Coli  wic-cine. 

March  17th,  8  p.m.  Leucocytes  6,500.  Given  a  subcuta- 
neous injection  of  4  cc.  of  a  2  per  cent,  solution  of  nucleic  acid. 

March  18th,  10.30  a.m.  Leucocytes  13,000.  Opsonic  Index 
for  B.  Coli=  162. 

II  a.m.  Second  operation.  Abdomen  opened  in  mid  line. 
The  transverse  colon  and  the  pelvic  colon  were  both  cut  across, 
all  four  ends  closed  and  a  lateral  anastomosis  between  the  transverse 
colon  and  the  rectum  performed.  Patient  never  gave  any  cause 
for  anxiety  after  this  operation  and  made  a  rapid  recovery. 

Conclusions. 

1.  In  peritoneal  infections  after  intestinal  operations  the 
iiacillus  coli  communis  plays  a  leading  role. 

2.  Recovery  from  such  infections  depends  on  the  patient's 
capacity  and  particularly  on  the  capacity  of  his  peritoneum  to 
react  promptly. 

3.  The  presence  of  a  leucocytosis  in  the  blood  stream  favours 
a  prompt  peritoneal  reaction. 

4.  The  preliminary  subcutaneous  injections  of  a  suitable 
\accinf  and  of  nucleic  acid  enhances  an  animal's  powers  of 
reaction  to  peritcjneal  infection. 
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5.  Preliminary  treatment  with  a  combination  of  vaccine  and 
nucleic  acid  is  of  much  greater  value  than  treatment  with  either 
of  these  agents  alone. 

6.  A  vaccine  made  from  a  virulent  culture  is  more  efficacious 
than  one  made  from  an  old  stock  culture  of  the  same  germ. 

7.  Two-stage  operations  for  the  removal  of  growths  of  the 
large  intestine  have  many  advantages,  among  others  the  fact 
that  owing  to  the  irritation  caused  by  the  first  operation  the 
peritoneum  is  in  a  measure  prepared  to  withstand  infection 
should  it  occur  at  the  second  operation. 
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SERUM  THERAPY  IN  ACUTE  PERITONEAL 
INFECTIONS.^ 

By  D.  P.  D.  WiLKiE,  M.Ch.,  F.K.C.S.,  Assistant  to  the  Professor  of 
Clinical  Surgery,  Edinburgh  University. 

From  the  Laboratory  of  the  Itoyal  Collcye  of  Physicians,  Edinburgh. 

In  the  blood  serum  of  an  animal  which  has  recovered  from  an  acute 
infection  "we  have  good  reason  to  believe  that  there  are  specific  anti- 
bodies which  have  been  produced  in  excess  of  the  requirements  of  the 
animal.  One  might  reasonably  hope  to  beneficially  influence  the 
course  of  a  similar  infection  in  an  animal  by  injecting  into  its  blood 
stream  some  of  the  serum  of  another  which  had  recovered. 

The  experiments  recorded  in  this  paper  were  designed  to  test 
whether  in  severe  cases  of  acute  peritonitis  any  benefit  might  be 
derived  from  the  intravenous  injection  of  the  serum  of  a  case  which 
had  recovered  from  a  similar  type  of  peritoneal  infection.  The 
experiments  were  carried  out  on  rabbits,  and  to  commence  with  B.  coli 
com7)iunis  was  the  organism  employed  to  induce  peritonitis.  One  very 
soon  reahsed,  however,  that  the  peritonitis  so  induced  was  not  com- 
parable to  that  produced  in  the  human  being  by  this  organism.  In 
the  rabbit  which  has  succumbed  to  a  B.  coli  peritonitis  one  finds,  on 
opening  the  abdomen,  some  turbid  fluid,  great  injection  of  the  peritoneum, 
and  possibly  some  flakes  of  lymph,  but  nothing  resembling  the  purulent 
plastic  type  of  peritonitis  pi-oduced  by  this  organism  in  the  human 
subject.  On  making  cultures  from  the  heart  blood  of  such  a  rabliit 
one  gets,  almost  invariably,  a  very  vigorous  growth  of  B.  coli,  and  it  is 
evident  that  the  animal  died  of  a  septicajmia.  In  the  human  subject 
dying  from  a  peritonitis  due  to  B.  coli  it  is  quite  the  exception  for  one 
to  obtain  a  growth  of  this  organism  in  cultures  made  from  the  patient's 
blood.  In  the  acute  peritonitis  of  man  death  is  apparently  due  li> 
toxaemia. 

Wliile  working  at  tliis  subject  one  had  the  good  fortune  to  hit  on 
a  strain  of  Staphylococcus  aureus  which,  after  pa.ssage  through  several 
rabbits  in  large  intravenous  doses,  produced,  in  reasonable  dosage,  a 

'  The  expenses  of  this  researcli  were  defrayed  by  a  grant  from  the  Carnegie  Trust 
[Received  September  9,  1909.  Communicated  to  the  Pathological  Society  of  Groat  Britain 
and  Ireland,  July  9-10,  1909. J 
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fatal  peritonitis  in  those  animals.  Thi.s  form  of  peritoneal  infection  is, 
I  believe,  much  more  comparable  to  human  peritonitis  than  is  the 
B.  coli  peritonitis  of  rabbits.      Thus    in    eighty-five    post-mortems   on 

Table  I. 


Animal  used  for 
Experiment. 

Dose  and  Nature  of 
Organism  injected 
intraperitoneally. 

Time  allowed  to  elapse 
between  the  Induction  of 

Peritonitis  and  the  In- 
jection of  Immune  Serum. 

Dose  of  Immune  Serum 
injected. 

Time  since  the  Inoculation 

of  Recovered  Animal 

from  which  Serum  was 

obtained. 

Result  of 
Experiment. 

Experiment  1 — 
Eabbit(l)    .     .     . 

Rabbit  (2),  control 

2000  million  Staphy- 
lococcus aureus 

6  honrs 

4  c.c. 

7  days 

Recovery. 

Death  in  30 
hours. 

Experiment  2 — 
Rabbit  (1)    .     .     . 

Rabbit  (2),  control 

2500  million  Staphy- 
lococcus aureus 

5 A  hours 

4-5  c.c. 

2i  days 

Recovery. 

Death   in  30 
hours. 

Experiment  3  — 
Rabbit  (1)    .     .     . 

Rabbit  (2),  control 

2500  million  Staphy- 
lococcus aureus 

3A  hours 

4  c.c. 

5  day.s 

Recovery. 

Death    in    5 
days. 

Experiment  4— 
Rabbit  (1)    .     .     . 

Rabbit  (2),  control 

1000  million  Staphy- 
lococcus aureus 

1  hour 

3-5  c.c. 

2  days 

Death  within 
16  hours. 

Experiment  5— 
Rabbit  (1)    .     .     . 

3000  million  Staphy- 
lococcus aureus  +  50 
million      Piieumo- 

8i  hours 

7  c.c. 

3  day.'; 

Recovery. 

Rabbit  (2),  control 

coccus 

Death   in  30 
hours. 

ExPKltlMENT  (5— 
R.'ll:bit(l)     .      .      . 

2500  million  Staphy- 
lococcus aureus  +  50 
niilliou      Piieumo- 

7A  hours 

4-5  c.c. 

4  days 

Recover}-. 

Rabbit  (2),  control 

coceus 

Death    in  2^ 
hours.           j 

1 

rabbits  dying  of  Staphylococcal  peritonitis,  cultures  from  the  heart-blood 
remained  sterile  in  thirty-seven  cases ;  in  eleven  cases  only  one  or  two 
ookinies  of  Stapki/lococcus  aureus  developed,  and  in  nine  cases  a  fairly 
vigonnis  growtli    took    place    in    tlie   tubes.      In   the    latter   cases   tlio 
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animals    had    succumbed   very   quickly   after   a   large    intraperitoneal 
injection. 

The  local  reaction  in  the  peritoneal  cavity  in  the  staphylococcal 
cases  was  purulent,  with  flakes  of  lymph,  and  in  many  cases  closely 
resembled  the  human  type  of  peritonitis.  Staphylococcal  infections  in 
the  rabbit  appear,  therefore,  to  resemble  the  B.  coli  infections  in  the 
human  subject,  and  vice  versa. 

Technique  of  experiments. — Having  determined,  approximately,  the  lethal 
dose  of  the  bacterium  to  be  used,  two  rabbits  were  each  given  an  intraperitoneal 
injection  of  slightly  more  than  the  lethal  dose  of  this  bacterium.  At  the  same 
time,  from  10  to  20  c.c.  of  blood  was  drawn  off  into  a  test  tube,  with  full  aseptic 
precautions,  from  the  auricular  vein  of  a  third  rabbit  which  had  just  recovered 
from  a  peritonitis  due  to  the  same  bacterium.  This  test-tubeful  of  blood  was 
then  put  in  the  incubator  at  37°  C.  to  favour  rapid  clotting  and  separation  of 
the  serum.  Several  hours  (2^  to  9  hours)  later,  when  peritonitis  was  established 
in  the  two  rabbits,  the  serum  obtained  from  the  blood  of  the  recovered  animal 
was  injected  into  the  auricular  vein  of  one  of  the  rabbits  which  had  peritonitis. 
The  course  of  the  peritonitis  and  the  fate  of  the  animal  was  then  carefully 
observed  in  each  case. 

The  amount  of  serum  injected  varied  from  2J  c.c.  to  7  c.c.  in  the  different 
experiments,  and  it  was  always  fresh,  i.e.  it  was  always  obtained  from  a  living 
animal  a  few  hours  before  ;  and  lastly,  it  was  never  allowed  to  cool,  being  kept 
in  the  incubator  at  37°  C.  from  just  after  its  withdrawal  from  the  recovered 
animal  till  just  before  its  injection  into  the  animal  with  peritoniti.«.  (The  two 
latter  points  I  believe  to  be  of  importance.) 

The  bacteria  used  in  these  experiments  were  B.  coli  communis  (Table  II.), 
Staphylococcus  aureus,  and  a  combination  of  Stajihylococcus  aureus  and  Pneumo- 
cocciis  (Table  I.).  This  combination  of  cocci  was  used  because  one  had 
accidentally  found  that  it  produced  in  rabbits  a  purulent  plastic  type  of 
peritonitis  resembling  closely  that  seen  in  the  human  subject. 

In  the  four  experiments  in  Table  1 1.  />'.  roH  communis  was  the  organism 
used.  The  object  of  this  set  of  experiments  was  to  test  whether  the 
intravenous  administration  of  the  serum  of  a  recovered  animal  was  as 
effective  in  promoting  recover)'  in  a  type  of  peritonitis  -where  septicwmia 
is  the  rule  as  it  was  shown  to  be  in  one  where  septicemia  is  the 
exception. 

Experiments  8,  9,  and  10  were  ilesigncd  to  test  also  at  what 
time  tlie  serum  of  the  recovered  animal  is  most  eflbctively  protective. 
€.//.  whether  the  sei'um  of  an  animal  which  has  recovered  from  .i 
peritonitis  induced  only  two  days  before  the  serum  wa.s  withdrawn  was 
as  elfectively  protective  as  the  serum  taken  from  an  animal  a  week  or 
more  after  recovery  from  peritoneal  infection. 

From  these  experiments  one  concluded  that  the  .serum  treatment 
was  not  so  heli)ful  in  rabbits  for  B.  coli  as  for  the  staphylococcal 
infections,  and  therefore  that  its  action  was  probably  more  antitoxic 
than  antibacterial,  and  tlnis  all  tlie  more  suitable  for  use  in  liuniau 
peritoneal  infections.  One  could  not  say  that  tlie  blood  serum  of  thi' 
recovered   aninial   was   richer   in  anti-bodies  just  after   recovery    from 
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the  symptoms  of  peritonitis  than  it  was  a  week  or  more  later.     The 
evidence  on  this  point,  however,  was  by  no  means  conclusive. 


Table  II. 


Animal  used  for 
Experiment. 

Dose  and  Nature 
of  Organism  injected 
intraperitoneally. 

2  c  1=  2 

li.lS 

a 
s 

If 
S-2. 

Time  since  the  Inoculation 

of  Recovered  Animal 

from  which  Serum  was 

obtained. 

Result  of 
Experiment. 

Experiment  7 — 
Rabbit  (1)   .     .     . 

2500  million  B.  coli 

4  hours 

6  CO. 

2  days 

Death  24  hours 
later. 

Rabbit  (2),  control 

'• 

Death  12  hours 
later. 

Experiment  8 — 
Rabbit  (1)   .     .     . 

Rabbit  (2)   .     .     . 
Rabbit  (3),  control 

800  million  B.  coli 

3  hours 

2-5  e.c. 
5  CO. 

4  days 
11  days 

Recovery 
prompt. 

Very  ill,   but 
recovered. 

Experiment  9— 
Rabbit  (1)   .     .     . 
Rabbit  (2)   .     .     . 

1000  million  B.  coli 

6  hours 

5  CO. 

2  days 
6  days 

Recovery. 
Death  24  hours 

later. 
Death  19  hours 

later. 

Rabbit  (3),  eontiol 

" 

Experiment  10— 
Rabbit  (1)  .     .     . 

1800  million  B.  coli 

3  hours 

5  o.c. 

5  days 

Death  12  hours 

later. 
Recovery 

prompt. 
Ill,     but     re 

covered. 

Rabbit  (2)   .     .     . 
Rabbit  (3),  control 

'* 

'* 

** 

7  days 

It  had  previously  been  shown  by  Loeiller  aud  Abel  that  the  iu- 
jection  of  the  serum  of  a  normal  animal  into  the  blood  stream  of  one 
suffering  from  au  acute  infection  gives  little  or  no  protection.  To 
confirm  this  point,  however,  the  experiment  given  in  Table  III.  was 
carried  out. 

If  we  take  the  two  first  mentioned  types  of  peritonitis  we  see  that 
in  the  animals  receiving  the  anti-serum  (see  Table  IV.)  the  death  rate 
was  but  10  per  cent.,  whilst  in  the  animals  not  treated  with  anti-serum 
the  death  rate  was  80  per  cent.  These  facts  are  sufticiently  striking 
to  warrant  one  in  adopting  this  metliod  of  treatment  in  bad  cases  of 
peritonitis  in  the  human  subject. 
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Table  III. 


*©     S 

E 

I-S 

5 

.2  1  S 

3-5  s 

Dose  and  Nature 

"lis 

H 

Result  of 

Experiment. 

intraperitoneally. 

Ui^ 

m 

5S|3 

Experiment. 

iif° 

||-no 

s 

ISi 

Experiment  11 — 

^1-1 

° 

p  "" 

Rabbit  (1)     .     . 

2500  million  Staphy- 
lococcus aureiis 

4  hours 

5-6  e.c. 

3  days 

Recovery. 

Rabbit  (2)     .     . 

" 

5  CO. 

Normal  rabbit 
serum 

Death        2G 
hours  later. 

Rabbit  (3),  con- 

Death     ISA 

trol 

hours  later. 

Table  IV. — Summari/  of  Results  of  Serum  Tlierapy  in  Peritoneal 
Infections  of  Rabbits. 


> 

Nature  of  Peritonitis.            ^' cSses'  °'         Recoveries. 

Deaths. 

Serum 

No  serum  .... 

Serum 

No  serum  .... 

Serum 

No  serum  .... 

Staphylococcal                     6                      a 

6                     0 

Mixed     Staphylococcal             4                      4 
and  Pneumococcal 

i                      2 

B.  coli                           6                       1 

3                      2 

1 
6 
0 
2 
2 
1 

Effect  of  Heating  at  57°  C.  fok  Half  an  Houk  on  the  Tkotective 

PkOPERTIES    of    TIIK    SEliUiM    OF    THE    EeCOVERED    AnIMAL. 

Oue  now  wished  to  know  whether  the  serum  would  be  as  effective 
in  its  protective  power  were  it  kept  for  some  length  of  time,  and 
whether  oue  could  thus  keep  a  stock  of  sera  for  use  in  different  type.* 
(if  peritoneal  infection.  If  none  of  the  protective  properties  were  lost 
ou  heating  for  30  minutes  at  57°  C.  then  it  was  probalde  that  the 
sera  would  retain  their  value  though  kejjt  in  rilro  for  some  time. 
This  would  natuially  allow  of  a  much  wider  clinical  application  of  the 
method  than  if  only  fresh  serum  could  be  used. 
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The  foUowiug  experiments  were  accordingly  carried  out  (Table  V.)- 


Table  V. 


Animal  used  for 
Experiment. 

Dose  and  Nature 

of  Organism  injected 

intraperitoneal]}-. 

Time  allowed  to  elapse 
between  the  Induction  of 

Peritonitis  and  the  In- 
jection of  Immune  Serum. 

1 
1 

Time  since  the  Inoculation 

of  Recovered  Animal 

from  which  Serum  was 

obtained. 

Result  of        i 
Experiment. 

Experiment  12— 
Rabbit  (1)    .     . 

Babbit  (2)     .     . 

Rabbit  (3),  con- 
trol 

EXPEKIMENT  13 — 

Rabbit  (1)     .     . 

Rabbit  (2)     .     . 

Rabbit  (3),  con- 
trol 

Experiment  14 — 
Rabbit  (1)     .     . 

Rabbit  (2)     .     . 

Rabbit  (3),  con- 
trol 

3000  million  Staphy- 
lococcus aureus 

2000  million  Staphy- 
lococcus aureus 

2000  million  Stajihy- 
lococcus  aureus 

6J  hours 

3  hours 
6  liours 

4  c.c. 

4  0.0. 
3-5  c.c. 

4-5  c.c. 

2  days 

H.  S.,  2 
days 

8  days 

H.  S.,  8 

days 

6  days 

H.  S.,  6 

days 

Recovery. 

Death  14  hours 

later. 
Death  19  hours 

later. 

Recovery. 

Death  30  hours 
later. 

m,  but  re- 
covered. 

Recovery. 

Died  2J  days 
later. 

Ill,  but  re- 
covered. 

These  experiments  showed  that  hy  heatintj  the  scrum  its  jJrotedive 
liroperties  are  destroyed,  and  that  instead  of  being  beneficial  it  was 
apparently  harmful  when  given  to  an  animal  with  peritoniti.s. 

They  indicate,  moreover,  that  Wright's  contention  that  any 
lieneficial  effect  that  an  anti-serum  may  have  lies  in  the  fact  that  it  i.s 
really  a  type  of  vaccine  is  unjustifiable,  for  heating  is  an  essential  in 
the  preparation  of  any  \accinc,  and  does  not  destroy  its  therapeutic 
value. 

It  would  seem  evident,  then,  that  for  an  anti-serum  of  this  class  to 
be  of  value  it  is  essential  that  it  be  fresh  and  unheated  at  the  time  of 
injection. 

Clinic.vl  ArrncATioN  in  Max. 

One  has  had  the  opportunity  to  apply  serum  treatment  clinically 
to  SL\  human  cases  of  peritonitis.     One  naturally  selected  only  the 
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severest  cases  of  peritoneal  infection,  and  in  no  case  was  this  treatment 
commenced  until  the  worst  prognosis  had  been  given  and  it  was 
thought  that  all  the  methods  of  treatment  generally  employed  in  such 
cases  would  not  avail  to  save  the  patient.  All  the  cases  treated  had 
undergone  a  surgical  operation  for  their  complaint  some  hours  or  days 
liefore  the  serum  treatment  was  commenced.  Needless  to  say,  all  other 
treatment  was  not  stopped  when  the  serum  thei'apy  was  begun,  it 
being  only  used  as  an  adjuvant ;  thus  one  could  not  dogmatise  but 
merely  speculate  as  to  what  credit  or  discredit  belonged  to  the  serum 
injections. 

On  the  other  hand,  by  carefully  watching  these  cases  one  could 
note  how  the  hourly  course  of  the  signs  and  symptoms  of  the  patients 
treated  was  influenced  by  the  serum  injection,  and  particularly  how 
their  "  General  Condition  "  was  affected  by  this  form  of  treatment. 

General  Metliod  of  Application  of,  and  Techniqice  employed  in, 
Serum  Treatment. — From  film  preparations  and  cultures  made  at  the 
time  of  operation  the  nature  of  the  peritoneal  infection  was  ascertained. 
If  the  case  were  doing  badly  and  recovery  was  considered  unlikely, 
another  case  was  sought  for  in  which  a  similar  type  of  peritoneal 
infection  had  been  successfully  treated  and  in  which  recovery  was 
assured.  In  the  wards  of  an  hospital  of  any  size  there  could  very 
seldom  be  any  difficulty  in  finding  such  a  case.  The  next  step  was  to 
make  sure  that  the  recovering  patient  did  not  suffer  from  specific  or 
other  infectious  disease,  and  then  to  obtain  his  or  her  permission  to 
withdraw  a  quantity  of  blood  from  a  vein.  (In  no  case  was  this 
])ermission  refused  me.)  Having  obtained  the  consent  of  the  patient, 
oue  sterilised  the  front  of  the  elbow  with  alcohol  and  ether,  and  using 
a  sterile  needle  and  syringe  withdrew  from  20  to  70  c.c.  of  blood  from 
the  median  basilic  vein.  The  blood  was  put  into  four  sterile  test  tubes 
which  were  plugged  and  left  in  the  incubator  at  37°  C.  for  from 
.'•'>  to  6  hours.  At  the  end  of  this  time  the  serum  which  had  separated 
was  taken  up  in  a  sterile  syringe  and  immediately  injected  with  aseptic 
precautions  into  the  median  basilic  vein  of  tlie  patient  whose  life  was 
in  danger.  The  serum  was  thus  never  allowed  to  cool  between  with- 
drawal and  injection,  being  regarded  as  a  living  tissue  and  treated  as 
such.  Five  of  the  six  cases  treated  received  more  tlian  one  injection 
and  (with  one  exception)  the  serum  was  obtained  fresh,  as  above 
described,  for  each  injection. 

As  will  be  seen  from  the  description  of  the  cases  which  followed, 
various  types  of  pure  and  mixed  infections  were  treated  with  correspond- 
ing sera.  The  size  of  the  do.se  was  only  limited  by  the  amount  of 
serum  obtainable,  though  from  the  work  of  Loefller  and  Abel  one 
inferred  that  a  large  quantity  of  serum  is  not  essential. 

Cask  1. — Acute  Suiturativk  Api'kndicitis. — l?oy,  J.  M.,  set.  12. 
.Vdmitlt'd  to  hospital  on  19lh  Xoveinber  1908.  Six  days  before  admission  he 
was  seized  with  sudden  al)doniinal  pain  and  vomiting,  both  of  wliich  .syni|>tome 
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persisted  with  slight  intermissions  until  his  removal  to  hospital.  Had  not 
passed  flatus  for  two  days  and  had  emaciated  greatly. 

State  on  admission. — Child  obviously  very  ill,  face  pinched,  eyes  sunken  ; 
tongue  dry  and  brown  ;  pulse,  110  feeble.  General  tumidity  of  the  abdomen, 
which  does  not  move  with  respiration.  Marked  tenderness  in  right  flank  and 
all  over  the  lower  half  of  the  abdomen. 

Operation. — 1  p.m.  two  hours  after  admi.ssion. 

A  large  abscess  filling  up  the  right  iliac  and  lumbar  regions  of  his  abdomen 
was  opened,  a  gangrenous  perforated  appendix  removed,  and  through  a 
suprapubic  wound  a  large  collection  of  foul  smelling  pus  escaped  from  the 
pelvis.  A  film  made  from  the  pus  showed  degenerated  pus  cells  and  swarms 
of  a  colon-like  bacillus,  also  a  few  chains  of  streistococcus.  The  abscess  cavities 
were  douched  out  and  drained. 

At  7  p.m.  the  same  evening  the  child  was  very  ill.  Pulse,  124,  very  small ; 
respiration,  56,  hands  cold.     A  very  bad  prognosis  was  given. 

Accordingly  65  c.c.  of  blood  was  withdrawn  from  the  median  basilic  vein  of 
a  Mrs.  M.  who  had  recovered  (20  days)  from  an  acute  suppurative  appendicular 
peritonitis  due  to  B.  coli.  The  blood  was  put  in  the  incubator,  and  at  mid- 
night 21  c.c.  of  the  blood  serum  which  had  separated  out  was  injected  into  the 
median  basilic  vein  of  the  boy.  Next  morning  the  child  looked  much  better, 
though  the  pulse  was  .still  120.  The  following  day  pulse  was  108,  and  it  came 
down  steadily,  the  child  leaving  hospital,  cured,  at  the  end  of  four  weeks. 

The  improvement  in  this  boy's  general  condition  some  hours  after  giving 
the  serum  was  very  striking,  and  one  had  no  doubt  that  great  help  had  been 
given  by  its  injection. 

Case  2. — Streptococcal  Peritonitis  (Appendicdlar). — D.  IL,  young, 
man,  tet.  19.  Admitted  to  hospital  on  4th  January  1909.  Two  days  before 
admission  patient  was  suddenly  seized  with  acute  abdominal  pain  and 
vomiting.  Pain  became  steadily  more  severe  till  admission.  Had  no  sleep  at 
night,  and  vomited  everything  given  him  by  mouth.  Had  passed  no  flatus  for 
36  hours. 

State  on  admission. — Powerful  young  man,  flushed  and  breathing  rapidly, 
tongue  furred  and  rather  dry.  Pulse,  110;  temperature,  101;  respiration, 
38.  General  tumidity  of  the  abdomen ;  abdominal  movement  greatly  re- 
stricted, absent  below  umbilicus.  ]\Iarked  tenderness  in  right  iliac  region  and 
in  suprapubic  region. 

Operation. — One  hour  after  admission.  Mesial  incision  below  umbilicus  ; 
tubes  introduced  into  the  pelvis,  from  which  turbid  sero-pus  escaped ;  pelvis 
washed  out.  Gridiron  appendix  incision  now  made,  a  gangrenous  perforated 
appendix  found  lying  in  a  partially  walled-ofl'  abscess  in  the  right  iliac  fossa. 
Iliac  fossa  and  pelvis  drained.  Film  made  from  pus  at  operation  showed 
presence  of  many  chains  of  streptococci,  and  also  a  colon-like  bacillus. 

The  following  morning,  pulse,  108  ;  respirations,  38,  but  not  looking  well. 
Patient  got  steadily  worse  during  the  day,  and  at  10  p.m.  his  pulse  was  140 
and  a  very  bad  prognosis  was  given. 

Thirty  c.c.  of  blood  was  obtained  in  the  usual  manner  from  a  patient,  .1.  W., 
operated  on  8  days  before  for  suppurative  appendicitis  due  to  B.  coli  and 
streptococcus,  and  who  was  doing  well.  At  1  a.m.  on  5th  .lanuary,  11  c.c.  of 
serum  obtained  from  this  blood  was  injected  into  the  median  basilic  vein  of 
1).  H. 

Next  morning  patient  had  improved,  but  his  abdomen  was  still  much 
distended  and  his  pulse  124.  Cultures  made  at  the  operation  now  showed 
the  infection  to  be  almost  purely  streptococcal,  only  three  or  four  colonies  of 
B.  coli  having  grown,  compared  with  several  hundred  colonies  of  the  strepto- 
coccus. Gn  the  following  day,  (Uh  .lanuary,  patient  was  still  very  ill.  Pulse, 
120  ;  respirations,  38.     Accordingly,  30  c.c.  of  blood  was  withdrawn  from  the 
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arm  of  J.  S.,  who  had  been  operated  on  two  and  a  half  days  before  for  a 
localised  pure  streptococcal  suppurative  peritonitis  due  to  appendicitis,  and 
who  was  now  out  of  danger.  At  6.30  p.m.  on  6th  January  10  c.c.  of  serum 
obtained  from  this  blood  was  injected  into  tlie  cephalic  vein  of  1).  H. 

Xext  day  patient  was  much  improved,  his  tougue  was  moist,  his 
pulse  rate  had  fallen,  and  thereafter  he  made  an  uninterrupted  recovery. 

Case  3. — Suppurative  Appendicitis  (Streptococcal). — K.  C,  young  man, 
£et.  19.  Admitted  to  hospital  on  25th  January  1909.  For  -eleven  days 
previously  had  felt  out  of  sorts,  had  intermittent  abdominal  pain,  and  had 
vomited  occasionally.  For  the  three  days  before  admission  had  been  seriously 
ill  with  pain  all  over  the  lower  abdomen  and  persistent  vomiting,  the  vomit 
containing  altered  blood. 

State  on  admissioti.- — Thin  and  pale  young  man,  eyes  sunken,  tongue  dry. 
Pulse  only  78;  temperature,  98-4.  Leucocytes,  20,000.  Glycogen  reaction,  +  . 
Lower  half  of  the  abdomen  is  tumid  and  is  rigid.  Marked  suprapubic  tender- 
ness ;  also  tenderness  in  both  iliac  regions. 

Operation. — One  hour  after  admission.  Usual  gridiron  appendix  incision. 
A  large  swelling,  resembling  in  appearance  an  ovarian  cyst,  was  seen  rising  out 
of  the  pelvis  and  lifting  up  the  rectum.  A  fresh  incision,  five  inches  long,  was 
now  made  in  the  mid  line  below  the  umbilicus,  and  then,  to  gain  still  better 
access,  the  two  incisions  were  joined  by  cutting  across  the  right  rectus  muscle 
transversely.  The  peritoneal  cavity  having  been  thoroughly  packed  ofT  with 
gauze,  the  swelling  was  opened,  and  over  10  oz.  of  thick  pus  escaped,  and  a 
gangrenous  appendix  removed.  The  cavity  was  swabbed  out,  and  drained 
through  the  lower  end  of  the  suprapubic  wound.  The  other  wounds  were 
stitched  up.  Cultures  made  from  the  pus  gave  a  very  vigorous  and  practically 
pure  growth  of  a  streptococcus,  only  three  colonies  of  B.  eoli  developing. 

For  the  first  two  days,  though  the  boy  looked  far  from  well,  his  pulse  and 
temperature  remained  practically  normal.  On  the  third  night  after  operation, 
however,  his  pulse  rose  to  130;  temperature,  102'4;  there  was  tenderness 
over  the  lower  half  of  the  abdomen,  and  he  looked  very  ill.  Accordingly, 
20  c.c.  of  blood  was  obtained  from  the  previous  case,  D.  H.,  who  had  now 
recovered,  and  4  c.c.  of  serum  from  this  was  injected  into  his  median  cephalic 
vein.  Next  morning  he  had  improved  considerably,  but  in  the  evening 
was  again  very  ill.  Thirty  c.c.  of  blood  was  drawn  from  the  aim  of  the 
patient,  J.  S.  (pure  streptococcal  case),  and  12  c.c.  of  the  serum  from  this  was 
injected  intravenously.  The  following  morning  temperature  and  pulse  had 
fallen,  and  patient  looked  better.  At  the  dressing  that  forenoon  a  strepto 
coccal  absces.s  in  the  abdominal  wall  was  opened,  and  thereafter  pulse  and 
temperature  fell  to  normal. 

Patient  now  did  well  for  twn  d;iys,  but  on  'M\\  February  pulse 
and  temperature  again  ran  up,  and  he  appeared  to  be  in  a  very  critical 
condition.  Again  .SO  c.c.  of  blood  was  obtained  from  jiatient,  D.  H., 
and  9  c.c.  of  tlie  serum  wiiich  separated  was  given  him  intravenously. 
Next  day  pulse  and  temperature  iiad  fallen,  tiie  patient  looked  very 
mucli  better,  and  from  tliat  time  onwards  made  a  ])erfect  rocovory. 

Case  4. — Streptococcai.  PKniTosrris(AiTENi)irui,Au). — F.  (i..  boy,  wt.  IS 
Admitted  to  hospital  on  15th  February  1909.  History  of  abdominal  pain  and 
voraiting  for  three  (lays  before  admission.  Pain  on  im.«sing  water,  and  n<l 
l)as-;age  of  llatiis  for  two  days. 

Slain  on  nil  mission. — Patient  lying  with  his  log.s  drawn  up,  face  ilrawn  and 
pinched,  eyes  sunken,  tongue  dry.    Pulse,  98;  temperature,  994.    Leucocytca 
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16,000.  Glycogen  reaction,  +.  General  tumidity  of  the  abdomen,  which  is 
tixed  in  its  lower  half.  Pain  and  tenderness  most  marked  over  appendix 
region,  but  present  over  the  whole  lower  half  of  abdomen. 

Operation. — One  hour  after  admission.  Gridiron  appendix  incision. 
Clear  serum  escaped  on  opening  abdomen.  A  retrocaecal  abscess  was  opened, 
and  in  it  a  gangrenous  and  perforated  appendix  was  found  and  removed.  Cavity 
swabbed  out  and  drained.  Film  of  pus  made  at  operation  showed  pus  cells 
and  diplococci  in  chains. 

The  following  day  the  boy  looked  very  ill.  Pulse,  120,  and  persistent 
vomiting. 

Cultures  made  at  operation  now  showed  a  growth  of  small  colonies,  films 
from  which  revealed  chains  of  diplococci  resembling  pueumococcus.  (An 
expert  bacteriologist  was  consulted,  and  he  was  also  of  the  opinion  that  it  was 
a  pneumococcal  infection.  To  make  certain,  subcultures  were  made  in  different 
media,  and  a  rabbit  was  inoculated.)  Acting  on  this  evidence,  20  c.c.  of  blood 
was  withdrawn  from  the  arm  of  J.  P.,  a  case  of  pure  pneumococcal  peritonitis 
due  to  appendicitis,  who  had  been  operated  on  eight  days  before,  and  who  was 
rapidly  recovering.  At  7  p.m.  on  16th  February  6  c.c.  of  serum  from  this  blood 
was  injected  into  the  boy's  median  basilic  vein. 

The  following  morning  there  was  little  improvement  in  his  condition,  and 
liis  vomiting  continued.  It  was  now  found  from  the  subcultures  that  the 
organism  was  much  more  like  a  streptococcus  than  a  pneumococcus,  the 
diplococcal  forms  having  disappeared.  The  rabbit  appeared  none  the  worse 
for  its  injection,  which  was  also  in  favour  of  the  organism  being  streptococcus. 
However,  as  some  doubt  still  existed,  it  was  thought  advisable  to  give  the  boy 
both  types  of  serum.  Therefore  30  c.c.  of  blood  was  got  from  J.  P.  (pneumo- 
coccal) and  20  c.c.  from  R.  S.  (Case  3,  streptococcal),  and  12  c.c.  of  serum 
obtained  from  the  former,  along  with  6  c.c.  of  serum  from  the  latter,  injected 
intravenously  into  boy  at  5.30  p.m.  on  17th  February.  Next  morning  (18th) 
the  boy  had  improved  considerably;  the  pulse  had  fallen  to  110,  and  he 
looked  better  in  every  way.  Towards  evening  again,  however,  he  relapsed 
somewhat.  From  the  cultural  and  inoculation  tests  it  was  now  quite  certain 
that  the  infection  was  streptococcal  in  nature. 

Once  more  30  c.c.  of  blood  was  taken  from  the  arm  of  R.  S.  (Case  3),  and 
at  6.30  p.m.  on  18th  11  c.c.  of  serum  from  this  was  injected  intravenously  into 
the  boy.  Great  improvement  followed,  and  next  morning  the  pulse  was  96, 
tongue  was  cleaner,  and  the  facies  had  lost  the  drawn  expression.  In  the 
evening  the  improvement  was  maintained  ;  pulse,  90.  On  the  morning  of  the 
20th,  however,  the  boy  had  sudden  acute  pain  in  the  abdomen,  the  pulse  and 
temperature  rapidly  ran  up,  he  became  collapsed,  and  he  died  at  6.30  p.m.  the 
same  day.  Unfortunately,  a  sectio  could  not  be  obtained ;  but,  so  far  as  one 
could  judge,  some  localised  collection  of  pus  must  have  ruptured  into  his 
general  peritoneal  cavity. 

In  this  case,  perhaps  more  thau  iu  any  other,  was  one  impressed 
by  the  marked  diminution  in  the  toxemic  symptoms  which  resulted 
from  the  injection  of  a  suitable  serum,  and  it  was  particularly 
unfortunate  that  one  could  not  ascertain  exactly  what  was  the  sudden 
catastroplie  which  carried  oil'  the  patient. 

Case  5. — General  Pekitonitis  (B.  coli)  after  Pylorectomy. — Mrs.  D., 
at.  64.  On  14th  January  pylorectomy  performed  for  gastric  carcinoma.  On 
the  second  day  there  was  a  rise  of  temperature,  which  was  maintained  on  tin- 
third  day.  Suddenly,  on  the  third  night  after  operation,  patient  was  seized 
with  sudden  acute  pain  generalised  over  the  abdomen,  and  became  collapsed. 
General  peritonitis  was  diagnosed,  and  under  chloroform  the  abdomen  was. 
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freely  opened  in  the  mid  line.  It  was  found  that  a  localised  collection  of  pus 
had  taken  place  round  the  duodenal  stump,  and  this  had  ruptured  into  the 
general  peritoneal  cavity,  which  contained  sero-purulent  fluid.  Abdomen 
washed  out  and  drained.  B.  coli  was  grown  on  culture  from  the  pus  in  the 
abdomen. 

The  following  day  (17th)  patient  was  very  ill,  and  required  intravenous 
infusion  of  saline.  On  the  18th  pulse  was  very  feeble,  and  jjatient  was  only 
semi-conscious.  Fifty-six  c.c.  of  blood  obtained  from  the  arm  of  Helen  L.,  who 
was  recovering  (nine  days)  from  an  acute  suppurative  B.  coli  appendicitis ;  18  c.c. 
of  serum  from  this  was  injected  into  the  patient's  median  basilic  vein.  A  few 
hours  later  a  distinct  improvement  was  noted  in  the  patient's  pulse  and  in 
her  general  condition,  and  the  improvement  was  maintained  for  ten  hours. 
Patient,  however,  still  continued  to  have  a  high  temperature,  and  as  no  flatus 
was  passed  several  loops  of  small  intestine  were  opened  and  washed  through. 
On  the  20th  the  patient  was  again  unconscious,  and  her  pulse  very  weak. 
Other  60  c.c.  of  blood  was  obtained  from  Helen  L.  {B.  coli,  appendicitis  case), 
and  20  c.c.  of  the  serum  from  this  was  given  intravenously,  along  with  a  pint 
of  .saline.  There  was  no  immediate  improvement  in  the  pulse,  but  six  hours 
later  a  great  change  for  the  better  was  visible  in  the  patient's  condition.  Her 
pulse  became  slower  and  stronger,  and  she  regained  consciousness. 

On  the  21st  she  again  relapsed.  Other  4  c.c.  serum  given  along  with  1  pint 
of  saline ;  this  time,  however,  without  much  benefit.  The  patient  gradually 
sank,  and  died  ten  days  after  the  onset  of  peritonitis. 

Post-mortem. — A  subphrenic  abscess,  surrounding  the  spleen,  and  contain- 
ing over  a  pint  of  foul  pus,  was  found. 

In  this  case  again  iuiprovement  followed  the  use  of  serum,  and  a 
very  definite  organic  cause,  which,  of  course,  one  could  not  hope  to 
influence  by  serum  treatment,  was  found  to  account  for  death. 

Case  6. — General  Peritonitis  (B.  coli)  Appendicular. — J.  P.,  boy,  xL  13. 
Admitted  to  hospital  on  15th  March  1909.  History  of  abdominal  pain  and 
vomiting  for  the  past  five  days,  and  during  the  past  two  days  gradually 
increasing  distension  of  the  abdomen. 

State  on  admission. — Boy  very  ill,  face  pinched,  tongue  dry.  Pulse,  124, 
and  very  small ;  temperature,  100.  Abdomen  tumid,  no  movement,  with 
respiration  in  its  lower  half.  Marked  tenderness  all  over  lower  abdomen  and 
in  right  loin.     Leucocytes,  20,000.     Glycogen  reaction. 

Operation. — Half  an  hour  after  admission.  Usual  appendix  incision ; 
localised  abscess  in  right  iliac  fossa  opened ;  foul  pus  escaped.  Suprapubic 
opening  made  ;  pelvis  found  full  of  pus ;  washed  out  and  drained.  The  iliac 
incision  was  enlarged  upwards  and  outwards,  and  a  large  retrociEcal  abscess 
opened,  and  in  this  a  gangrenous  and  perforated  appendix  was  found  and 
removed.     Free  drainage. 

The  next  day  (16th)  pulse  124,  vomiting  frequently,  and  abdomen 
distended.  On  the  17th  vomiting  continued,  and  the  abdomen  was  more 
distended.  A  general  ana!sthetic  was  given,  the  abdomen  opened  in  the  mid 
line,  and  five  coils  of  snuUI  intestine  were  ojtened,  tubes  inserted  and  stitched 
in,  and  the  coils  of  intestine  washed  through  with  saline.  Was  pidseless  at 
conclusion  of  operation,  and  required  transfusion  on  the  table. 

Twenty  c.c.  of  blood  obtained  from  the  arm  of  W.  C,  who  had  been  operated 
<in  nine  ilays  previou.'^ly  for  acute  suppurative  B.  coli  appendicular  ])eritonitis, 
and  who  was  now  recovering.  At  7  |).m.  the  boy's  jmlse  was  160,  and  he  was 
restless  and  cold.  6'5c.c.  of  \V.  C.'s  blood  serum  was  injected  into  his  median 
cephalic  vein. 

The  boy  iuiprovod  during  the  night,  and  the  next  morning  was  a  little 
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better.  At  2  p.m.  on  the  18th,  however,  he  became  much  worse.  Other 
.30  c.c.  of  blood  obtained  from  W.  C,  and  at  6.30  p.m.  12  c.c.  of  this  injected 
into  vein  of  the  boy.  He  was  practically  moribund  by  this  time,  however, 
and  died  two  hours  later. 

Post-mortem. — A  large  subphrenic  abscess  was  found  surrounding  the 
spleen  (evidently  four  to  five  days  old),  another  abscess  under  the  liver,  and  a 
third  in  the  left  iliac  and  lumbar  regions. 

The  results  obtained  in  these  six  cases  were  very  encouraging,  and 
convinced  one  that  this  form  of  treatment  is  of  considerable  value  in 
peritoneal  infections  of  the  human  subject. 

The  proportion  of  streptococcal  cases  is  merely  a  coincidence,  and 
does  not,  I  think,  represent  the  proportional  incidence  of  that  organism 
in  severe  cases  of  peritoneal  infection. 

One  has  not  been  able  to  find  any  previous  record  of  the  use  of 
human  immune  serum  in  the  treatment  of  peritonitis. 

Loeffler  and  Abel  (1896),  experimenting  with  the  guinea-pig, 
found  that  a  dose  of  0'3  c.c.  of  the  serum  of  a  dog  immunised  against 
B.  coli  gave  a  guinea-pig  protection  against  from  twenty  to  fifty  times 
the  lethal  dose  of  B.  coli  injected  into  its  peritoneal  cavity. 

Makin  and  Sargent  (1907)  have  employed  a  polyvalent  coli  serum, 
obtained  from  the  horse,  in  the  treatment  of  severe  cases  of  peritonitis. 
The  results  obtained  from  its  use,  however,  though  iu  some  respects 
encouraging,  were  by  no  means  striking. 

Recently  Mackenzie  and  Martin  (1908)  have  obtained  good  results 
from  the  injection  of  the  blood  serum  of  patients  who  had  recovered 
from  cerebro-spinal  meningitis  into  the  spinal  canal  of  patients  in  the 
acute  and  critical  stage  of  that  disease. 
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From  the  Laboratory  of  the  Royal  College  of  Physicians,  Ediuburgh. 
I.    rUELlMIXAKY. 

In  a  recent  paper  (1906)  we  iliscussed  the  jiathology  nf  lymphatic 
leukaemia  and  chloroiua. 

We  now  propose  to  give  an  account  i  if  the  lii.stologieal  changes  fonnd 
in  seven  cases,  with  brief  notes  of  the  clinical  features  of  the  first  ease. 

We  have  also  tabulated  the  results  of  enumeration  and  diflerential 
counts  of  the  leucocytes  in  twenty-four  cases. 

The  metliods  employed  were  similar  to  those  used  in  our  research 
on  lymphiemia. 

II.  Cases. 

Case  1. 

Clinical  Notes. — ^lan,  ;et.  40,  unniairied,  a  boatman,  began  to  suffer  from 
breatlilessness,  and  ten  montlis  before  coming  under  observation  noticed  an 
abdominal  tumour.  On  two  occasions  witliin  six  weeks  of  admission  lie 
suddenly  developed  a  large  ha-matoma  in  the  back.  Family  history  negativr. 
Xo  history  of  syphilis  or  alcoholism.  On  examination  the  liver  and  s])leen 
were  found  to  be  greatly  enlarged,  the  latter  reaching  Poupart's  ligament.  The 
cervical,  axillary,  and  inguinal  glands  were  slightly  enlarged.  There  w;\> 
oedema  of  the  feet  aud  legs.  Under  X-ray  treatment  some  improvemeni 
occurred.  The  blood  condition  improved  and  the  spleen  diminished  in  size. 
The  liver  remained  as  large  as  ever.  Patient  was  able  to  leave  hospital,  but 
returned  worse  in  a  few  weeks  and  died. 

In  making  dili'erential  counts  some  jieculiar  cells  in  addition  to  those  cone 
sponding  to  tiie  ordinary  types  were  noticed. 

(a)  Many  of  the  myelocytes  had  very  scanty  granulation. 

(/')  A  very  large  cell  closely  resembling  the  large  lymphocyte,  showing  a 
large  pale  inieleus  nnd  deejily  stained  linely  granular  protoplasm,  was  present  in 
large  numbers  in  the  later  counts. 

'  A  grant  towaiiis  tlic  cxppiisps  of  this  research  was  received  from  the  Carnegie  Trust. 
=  lieipived  Octoliir  30,  l!i07. 
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(c)  In  a  few  instances  the  latter  cells  showed  a  scanty  basophile  (azure) 
granulation.  Such  cells  could  be  distinguished  from  the  myelocytes  by  the 
more  basophile  reaction  of  the  granules  and  the  deep  basophile  staining  of  the 
cytoplasm.     ^Mitosis  was  noticed  in  some  of  these  cells. 

Blood  Examination. 


August  20,  1905. 
.September  24,  1905     . 

Red  Blood 
Corpuscles. 

White  Blood            -rr          ,  ,  . 
Corpuscles.              Haemoglobin. 

2,670,000 
2,720,000 

451,875                   40  per  cent. 
285,623                   40 

((Z)  In  many  of  the  forms  the  centrosomes  were  large  and  prominent. 
While  in  the  following  table  these  cells  have  been  separately  classed  (lymphoid 
cells),  there  were  gradations  between  the,  basophile  "  lymphoid  "  cell,  with  or 
without  granules,  and  the  typical  large  lymphocytes.  We  therefore  regard 
them  as  merely  slight  departures  from  the  ordinary  form  of  the  typical  larcre 
lyniphocyte. 
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The  section  revealed  great  enlargement  of  the  lymph  glands  and  spleen. 
The  glands  were  firm,  and  felt  almost  gritty  on  cutting. 

Histology. — Stomach. — A  good  deal  of  post-mortem  digestion.  Xo  gross 
leucocyte  infiltration.  Epithelium  shed,  except  at  bottom  of  crypts.  Leucocytes 
not  more  numerous  than  normal  in  the  mucous  membrane.  Those  present 
were  mainly  lymphocytes  and  a  fair  number  of  eosinophiles.  Other  coats 
normal.  No  ]jigmentary  changes.  A  piece  of  adhering  omentum  showed  great 
infiltration,  with  leucocytes  between  the  fat  cells.  The  varieties  present  were 
lymphocytes,  eosinophiles,  basophiles,  and  oosinophile  myelocytes.  The  great 
bulk  was  composed  of  lymphocytes. 

Sraall  intestine. — Post-mortem  digestion.  Much  of  epithelium  shed.  Very 
few  leucocytes  in  coats.  Cells  in  Peyer's  patch  comparatively  scanty.  The 
cells  there  were  ordinary  lymphocytes.  In  the  submucosa,  especially  under 
the  Peyer's  patches,  were  numerous  cells  rather  irregular  in  shape,  with  a 
small  ilarkly  stained  round  nucleus  and  large  rather  darkly  stained  eosinophile 
granules.      The  bowel  content  consisted  mainly  of  shed  epithelium,  leucocytes, 
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and  some  organisms,  witli  granular  detritus.  Many  of  the  leucocytes  were 
eosinopliiles  similar  to  those  seen  in  the  submucosa.     Xo  pigment  was  seen. 

Pancreas. — A  few  leucocytes,  mainly  polymorphs,  were  scattered  between 
the  acini.     No  special  aggregations. 

Liver. — The  whole  of  the  lobules  were  broken  up,  and  the  columns  of  cells 
were  squeezed  into  thin  strands  or  had  altogether  disappeared.  In  a  few 
lobules  there  were  a  few  comparatively  unaltered  cells  round  the  intralobular 
vein,  which  was  packed  with  leucocytes,  while  the  portal  veins  were  com- 
paratively empty.  In  some  parts  the  destruction  of  liver  cells  had  given  rise 
to  a  fibrous  change.  Where  the  infiltration  was  massive  there  were  very  large 
blood  spaces  and  round  them  masses  of  leucocytes,  separated  by  strands  of 
fibrous  tissue,  recalling  the  structure  of  an  alveolar  sarcoma.  In  some  of  these 
blood  spaces  were  large  giant  cells  with  basket-shaped  nuclei,  and  witli  tlie 
differentation  of  the  protoplasm  into  an  outer  and  inner  zone  wliich  is  found  in 
the  giant  cells  of  bone  narrow.  The  portal  spaces  were  jiractically  free  from 
leucocyte  invasion.  In  the  blood  spaces  and  surrounding  liver  tissue  the  cells 
were  mainly  lymphocytes  and  neutrophile  myelocytes  witli  some  nucleated  red 
cells.  A  considerable  number  of  cells  showed  mitotic  figures.  Passing  away 
from  these  blood  spaces  among  the  liver  cells  more  eosinopliiles  of  both  types 
appeared.  Some  of  the  polymorphs  had  markedly  branched  nuclei  (karyo- 
rrhexis.  There  were  very  numerous  phagocytes  in  these  spaces  :  in  some  parts 
six  or  eight  in  one  field  of  a  yV  oil  immersion  lens.  In  the  liver  cells  was  a 
fair  amount  of  pigment.  In  some  parts  a  considerable  amount  of  this  gave  the 
iron  reaction,  but  the  incidence  of  this  change  was  very  partial.  Among  tlie 
leucocytes  were  masses  of  pigment  in  leucocytes  and  endothelium.  A  curious 
appearance  noted  was  the  iiresence  of  pigment  in  a  cell  showing  a  monster 
mitotic  figure.     Here  and  there  this  pigment  gave  the  iron  reaction. 

Spleen. — ^Malpighian  bodies  small  and  indefinite.  The  great  mass  of  the 
pulp  is  taken  up  with  red  blood  corpuscles.  Leucocytes  are  scanty,  even  as 
compared  with  a  normal  .spleen.  I^osinophiles  of  both  varieties  were  present  in 
islands  around  the  remains  of  the  !Malpighian  corj)uscles.  A  few  basophile.s 
were  seen.  There  were  some  myelocytes  and  a  good  many  nucleated  red  cells. 
Polymorplis  were  scanty.  Phagocytes  were  .'^een  in  fair  numbers.  Mitotic 
figures  were  fairly  common.  There  was  a  great  deal  of  golden  brown  pigment 
both  free  and  in  colls,  leucocytes,  and  endothelium.  This  gave  the  iron 
reaction  in  scattered  areas,  notably  in  cells  along  the  trabeculte  and  along  the 
connective  tissue  fibrils.     The  iron  pigment  was  often  in  large  masses. 

Kubiei/s. — Comparatively  little  affected.  Infiltration  principally  situated 
round  the  interlobular  arteries  and  round  some  of  the  glomeruli.  There  was  a 
less  amount  in  the  medulla.  Cells  of  the  convoluted  tubules  and  the  glomeruli 
were  normal.     No  pigment  was  seen.     Parts  of  the  organs  were  very  vascular. 

Suprarenal.''. — Vessels  distended,  but  no  infiltration  between  the  gland 
cells.  Here  and  there  in  the  fat  outside  was  some  leucocyte  infiltration,  as 
seen  in  the  omentum.     No  pigmentary  changes. 

Heart. — Vessels  distendo<l  with  leucocytes. 

Lungs. — Vessels  distended  with  leucocytes.  ^Ia.«sos  of  black  pigment  and  a 
few  small  granules  of  iron  pigment  were  seen. 

Tlnjroid. — Practically  normal.     No  jiigment  was  found. 

Li/mphafii-  (jlamls. — Structure  lost.  Here  and  there  were  islands  of  .small 
lymphocytes  which  had  no  resemblance  to  germ  centres.  Pietween  these 
islands  were  cell  areas  composed  of  eosinopliiles,  eosinophile  and  neutro])hile 
myelocytes,  and  in  some  ca-ses  these  were  inextricably  mixed  uji  with  small 
lymjihocytos.  The  subca])sular  sinus  was  normal.  No  iron.  In  different 
glands  tlic  pro|)urtion  of  lymphocyte  to  granular  areas  ditlered,  but  there  was 
no  essential  diUV'rcnce.     A  few  lymphocytes  showed  karyorrliexis. 

Ifd'iiioh/mjih  fjlnjifls. — These  were  unusually  large,  and  showed  tlie  same 
general  arrangement  as  the  lymph  glandsi,  witli  the  addition  of  red  cells  strewn 
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through  the  spaces.  Few  phagocytes  ingesting  cells.  Some  mitotic  figures. 
A  few  "mulberry"  cells.  There  was  a  great  deal  of  pigment,  often  in  large 
masses,  lying  both  in  cells  and  free.  A  large  proportion  of  this  gave  the  free 
iron  reaction. 

Thymus. — Only  a  few  lymphocytes  in  fat  and  fibrous  tissue  remained. 

Bone  marrow. — Fat  had  entirely  disappeared.  The  density  of  the  cellular 
arrangement  diti'ered  from  place  to  place.  There  were  more  white  cells  and 
fewer  red  cells  than  normal.  Many  of  the  red  cells  were  nucleated,  and  most  of 
the  nuclei  showed  curiously  branched  processes  (karyorrhexis).  Some  .showed 
polychromasia.  The  bulk  of  the  white  cells  were  mj-elocytes,  but  all  other 
varieties  were  represented  :  many  of  the  polymorphs  showing  the  branching 
nuclear  change  already  referred  to.  Giant  cells  were  few,  small,  and  de- 
generated. Phagocytes  ingesting  cells  were  present  in  fair  numbers.  Very 
little  pigment  was  seen.  It  was  mostly  contained  in  the  endothelium  of  the 
blood  spaces,  and  did  not  give  the  iron  reaction.  A  ditt'erential  count  of  the 
marrow  cells  is  given  along  with  the  blood  counts. 

Case  2.— A  Man,  »t.  31  (Case  15  on  p.  224). 

Histology. — Stomach. — ]\lucous  membrane  congested.  In  deei:ier  coats 
were  a  few  collections  of  lymphocytes. 

Small  intestine. — Villi  digested.  Epithelium  well  preserved  in  Lieberkiihn's 
follicles.  There  was  an  excess  of  leucocytes  in  the  submucosa,  and  there  were 
scattered  white  cells  in  the  muscular  coat.  The  cells  were  lymphocytes  and 
eosinophiles. 

Pancrea.^. — !Much  digested.     Vessels  packed  with  leucocytes. 

Liver. — There  was  fatty  degeneration,  especially  at  the  periphery  of  the 
lobules.  There  were  deposits  of  leucocytes  in  the  portal  spaces,  and  the 
capillaries  were  dilated  and  engorged  with  leucocytes,  in  some  cases  right  up 
to  the  centre  of  the  lobule.  In  addition  to  polymorphs,  eosinophile  and 
neutrophile  myelocytes,  eosinophiles  and  large  lymphocytes,  there  were 
numerous  large  phagocytes  enclosing  leucocytes  and  red  cells.  A  few 
nucleated  red  cells  were  noted.  Some  of  the  endothelium  of  the  capillaries  was 
greatly  swollen  at  certain  points,  and  contained  a  large  amount  of  pigment, 
which  gave  the  iron  reaction.  In  the  liver  cells  there  was  also  iron  pigment 
in  very  large  amount  at  parts,  but  very  irregularly  distributed. 

Sjileen. — ^lalpighian  bodies  small.  Pulp  very  congested,  and  contained 
leucocytes  corresponding  to  those  found  in  the  blood,  and  some  normoblasts. 

Kidneys. — Congested.  There  were  slight  catarrhal  changes  and  casts  in 
some  of  the  collecting  tubules.  There  were  islands  of  leucocytes  between  the 
medullary  tubules,  and  in  the  cortex  leucocyte  infiltration  had  destroyed  some 
of  the  tubules. 

Suprarenals. — There  were  a  few  islands  of  leucocytes  in  the  medulla,  and 
extending  along  the  capillaries  in  the  cortex. 

Heart  muscle. — There  were  numerous  small  collections  of  white  cells  in 
the  connective  tissue  between  the  fibres.  These  consisted  of  lymphocytes, 
polymorphs,  and  eosinophiles. 

Lunrj. — There  was  fibrinous  pneumonia.  The  cells  in  the  exudation  were 
polymorphs. 

Cerebrum. — Xormal.     Vessels  packed  with  myelocytes. 

Tonsils. — Normal.  Germ  centres  few.  Lingual  tonsils. — There  weiv 
some  germ  centres  in  the  cortex. 

Lymphatic  i/lanJs. — A  large  axillary  gland  showed  lost  structure  and  great 
vascularit}-.  Gnly  lymphocytes  were  seen.  A  mesenteric  gland  showed  the 
usual  structure  with  defined  lymph  paths.  The  cells  were  large  and  small 
lymphocytes,  some  eosinophiles,  a  few  giant  cells  of  bone-marrow  type,  and  a 
few  phagocytes  in  the  lymph  paths  ingesting  lymphocytes. 
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Bone  marroir. — The  fat  had  all  disappeared.  Tlieve  were  numerous 
neutrophile  and  eosinopliile  polymorphs  and  myelocytes.  Red  cells  and 
lymphocytes  were  scanty.     iS'^o  giant  cells  were  seen. 

Case  3. — A  Man,  £et.  40. 

Histology. — Liver. — There  was  great  infiltration  by  leucocytes  in  the 
portal  spaces  and  between  the  rows  of  liver  cells.  The  majority  of  the  cells 
were  myelocytes — some  in  mitosis.  There  were  some  basophile  myelocj'tes. 
The  liver  cells  were  pressed  upon,  and  in  many  cases  shrunken.  There  was  a 
large  amount  of  pigment  in  the  liver  cells  and  in  the  capillary  endothelium. 
The  endothelial  cells  were  prominent,  and  projected  into  the  blood  stream.  In 
the  liver  cells  there  was  most  pigment  at  the  edge  of  the  portal  spaces,  but 
it  extended  a  considerable  distance  into  the  lobules.  All  the  pigment  gave 
the  iron  reaction. 

Spleen. — There  were  no  definite  Malpighian  corpuscles.  The  pulp  was 
fibrous  and  the  cells  shrunken.  There  were  numerous  giant  cells  ;  as  many  as 
in  normal  marrow.  Some  showed  degenerative  changes.  There  was  some 
iron  pigment. 

Kidmij.<. — There  was  very  great  leucocyte  infiltration  in  rather  discrete 
patches.  In  these  patches  kidney  structure  was  destroyed.  Where  the 
tubules  were  present  they  were  catarrhal  and  degenerated,  and  showed 
polymorph  invasion.  The  Malpighian  bodies  were  very  fibrous.  Between 
the  layers  of  Bowman's  capsule  were  numerous  leucocytes.  The  collecting 
tubes  were  crowded  together  by  masses  of  cells.  There  were  casts  consisting 
of  granular  debris.  There  were  a  fair  number  of  giant  cells  in  the  connective 
tissue  in  the  medulla.     There  was  a  fair  amount  of  pigment  in  the  endothelium. 

Heart. — ^larked  brown  atrophy.  On  the  mitral  valve  was  a  fibrinous 
vegetation  containing  leucocytes  and  organisms. 

Lunij. — There  were  patches  of  catarrhal  pneumonia  with  ordinary  neutro- 
philes  in  the  exudation.     The  capillaries  were  filled  with  leucocytes. 

Lymph  glands. — Distinction  between  cortex  and  medulla  quite  definite. 
Mitoses  were  numerous.  There  were  many  giant  cells  with  basket  nuclei 
lying  among  the  lymphocytes  with  no  red  cells  near.  There  were  also  large 
cells  ingesting  red  corpuscles.  There  was  some  pigment  here  antl  there  in  the 
endothelium  and  in  free  cells,  but  none  in  very  large  masses. 

Brain. — The  vessels  were  distended  with  leucocytes.  The  lymphatic 
spaces  seemed  to  contain  more  leucocytes  than  the  veins,  anil  the  veins  more 
than  the  arteries. 

Case  4.— Man,  ret.  .")0. 

Small  infesiiiie. — There  were  some  large  lymphocytes  and  .some  large  cells 
containing  pigment  in  the  fibrous  tissue  between  the  gland  tubules,  and  also 
in  the  submucosa.  The  pigment  did  not  give  the  iron  reaction.  The  lymith 
follicles  .showed  no  enlargement.  There  were  very  niimerous  basophiles  in 
the  mu.scular  coat. 

Tongue  and  lingual  tonsil. — Largo  number  of  ba.sopliilos  in  the  lymphoid 
tis.sue  and  submucosa. 

Pa7iereas. — There  was  no  infiltration.  The  vessels  and  lymphatics  wen< 
fidl  of  leucocytes. 

Liver. — Numerous  accumulations  of  leucocytes  were  seen  in  scattered  areas. 
These  were  very  extensive  in  the  region  of  the  portal  spaces.  There  were 
some  collections  in  the  capillaries  large  enough  to  compress  the  liver  cells. 
^[any  of  the  jiortal  veins  showed  thrombosis.  The  c^cll  infiltrations  consisted 
mainly  of  myelocytes,  but  there  were  also  numcrou.s  large  lymphocytes,  which 
in  .some  instances  preponderated.     These  latter  were  always  found  in  clumps. 
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There  were  a  few  basophiles  and  some  nucleated  red  cells.  There  were  a  few 
phagocytes  ingesting  leucocytes.  No  giant  cells  were  seen.  Many  of  the 
lymphocytes  had  peculiar  branching  nuclei.  Many  of  the  endothelial  cells  of 
the  capillaries  were  swollen  and  prominent,  and  contained  large  masses  of  iron 
pigment.  Iron  was  also  present  in  free  cells  in  the  capillaries.  There  was 
very  little  pigment  in  the  liver  cells,  and  none  of  it  gave  the  iron  reaction. 

Spleen. — Malpighian  bodies  not  distinguishable.  Trabeculse  obscured. 
Pulp  was  very  cellular.  There  were  areas  where  the  red  cells  preponderated, 
but  the  great  majority  of  the  cells  were  leucocytes,  mainly  myelocytes  and 
polymorphs.  Lymphocytes  were  not  so  numerous  as  in  the  liver.  There 
was  a  fair  number  of  normoblasts  and  a  few  phagocytes.  There  were  granules 
of  iron  pigment  in  large  cells  along  the  trabecules,  and  also  in  the  pulp  in  the 
neighbourhood  of  trabecute.  The  endothelial  cells  of  the  sinuses  were  swollen 
and  prominent,  and  also  contained  iron  pigment. 

Kidneys. — There  were  enormous  deposits  of  white  cells  scattered  irregularly. 
There  were  masses  under  the  cortex  displacing  and  destroying  the  convoluted 
tubules,  and  running  down  the  pyramids  of  Ferrein.  The  tubules  were 
catarrhal,  and  many  of  the  convoluted  and  collecting  tubules  contained  casts. 
Many  of  the  Malpighian  bodies  were  almost  entirely  converted  into  fibrous 
tissue.  The  infiltrating  cells  were  myelocytes  and  polymorphs,  a  few  eosino- 
phils and  large  lymphocytes.  In  a  few  isolated  areas  there  were  masses  in 
the  kidney  tubules  which  stained  a  dilfuse  blue  with  the  ferrocyanide  and 
hydrochloric  acid.  There  were  also  granules  of  iron  along  the  fibrils  of  con- 
nective tissue. 

Lymjih  glands. — The  mesenteric  glands  showed  thickening  of  the  capsule 
and  septa.  The  gland  tissue  consisted  of  discrete  nodules.  Germ  centres 
were  few.  The  cells  in  the  glands  were  mainly  small  lymphocytes  with  an 
occasional  large  one,  a  few  polymorphs,  and  eosinophiles.  No  myelocytes. 
There  were  a  few  cells  with  dendritic  nuclei.  The  vessels  were  filled  with 
white  cells.     The  connective  tissue  contained'  many  basophiles. 

Tliyroid. — On  one  part  there  was  an  aggregation  of  thyroid  cells  full  of 
iron  pigment.  Throughout  the  gland  were  large  cells  in  the  intervesicular 
connective  tissue  containing  iron  pigment  in  large  gi-anules. 

Cerebrum  and  cerebellum. — Vessels  engorged  with  wliitc  cells.  Nerve 
tissue  was  normal. 

Marroio. — The  fat  had  disappeared.  The  great  bulk  was  composed  of 
myelocytes.  The  capillaries  were  densely  packed  with  these  cells.  Among 
the  myelocytes  were  i-slands  of  red  cells  in  which  some  megaloblasts  showing 
marked  polychromasia  were  seen.  Thei'e  were  very  few  normoblasts.  There 
were  a  few  basophiles.  Large  phagocytes  were  numerous.  Giant  cells  were 
few  and  degenerated.     There  was  no  pigment. 


Case  5. — A  ]\Lm,  set.  44,  who  had  an  enormously  enlarged  spleen.     No 
enlargement  of  lymphatic  glands. 

Blood  Condition. 
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In  a  long  series  of  differential  counts  only  one  nucleated  red  eel),  a  normo- 
blast, was  ever  seen. 

Histology.  —  Small  intestine.  —  Epithelium  largely  shed.  Villi  short. 
Lieberkiihn's  glands  well  preserved.  Eosinophiles  were  numerous  in  the 
mucosa  and  submucosa,  but  there  was  no  crowding  with  leucocytes. 

Vermiform  appendix. — The  interior  was  completely  converted  into  fibrous 
tissue,  in  which  were  a  few  collections  of  myelocytes,  eosinophiles,  and  lympho- 
cytes. 

Pancreas.  —  Healthy,  except  for  some  leucocyte  infiltration  round  the 
larger  veins. 

Liver. — Leucocyte  infiltration  round  the  portal  spaces,  and  to  a  less  extent 
between  the  rows  of  liver  cells.  The  liver  cells  were  healthy,  except  for  a 
great  inequality  in  the  size  of  their  nuclei.  There  was  a  large  quantity  of  iron 
pigment  in  the  capillary  endothelium,  and  in  the  liver  cells  towards  the 
periphery  of  the  lobules. 

Spleen. — Malpighian  bodies  indistinct.  There  were  some  old  infarcts. 
Many  leucocytes  in  the  pulp.  There  were  several  giant  cells  much  degenerated. 
There  was  a  considerable  amount  of  iron  pigment  in  large  cells  and  lying  free 
in  the  pulp. 

Kidneys. — Kidney  substance  was  healthy.  Leucocyte  infiltrations  were 
noticed  in  the  connective  tissue  under  the  capsule,  along  the  vessels,  and  also 
scattered  indiscriminately.  Myelocj'tes,  lymphocytes,  polymorphs,  and  eosino- 
philes were  present. 

Suprarenal. — A  few  small  groups  of  leucocytes  were  seen  in  the  cortex. 

Lymph  glands. — A  small  inguinal  gland  showed  normal  structure.  A 
large  axillary  gland  showed  lost  structure,  and  in  certain  parts  groups  of 
myelocytes  and  eosinophiles,  as  well  as  lymphocytes.  A  mesenteric  glan<l 
showed  structure  obliterated  by  crowded  lymph  paths.  The  blood  vessel- 
were  congested.  The  capsule  was  invaded  with  myelocytes  and  eosinophiles. 
In  a  hsemolymph  gland  there  was  a  great  deal  of  pigment  among  the  lympho- 
cytes, not  in  the  lymph  paths.  There  were  numerous  large  phagocytes  in  the 
lymph  paths  and  under  the  capsule. 

Cerebrum. — Healthy  ;  no  infiltrations. 

Bone  marrow  — Very  little  fat.  The  great  majority  of  the  cells  were 
myelocytes.  Eosinophiles  were  not  very  numerous.  Red  cells  few,  but  a  largi' 
percentage  were  normoblasts  and  megaloblasts.  Giant  cell.s  were  few  and 
degenerated.     There  was  some  golden  brown  pigment  here  and  there. 


Case  6.— Male,  ret.  42. 

Histology. — Stomach. — There  was  some  post-mortem  .shedding  of  tln' 
epithelium.  Throughout  the  coats  was  an  excess  of  polymorphs,  lymphocytes, 
eosinophiles,  and  mj'elocytes.  In  the  submucosa  cosinophile  myelocytes  wen' 
numerous,  and  there  were  some  basophiles  with  large  dropsical-looking  granules. 
There  was  no  iron  reaction. 

Pancreas. — Healthy. 

Liver. — Tiiere  was  slight  leucocyte  infiltration  along  the  portal  tracts. 
The  leucocytes  were  of  all  varietie.'!,  including  some  very  large  Ivinphocytos. 
There  were  no  giant  cells  and  no  phagocytes  At  the  periphery  of  the  iobnl>' 
the  liver  cells  were  rather  atrophic,  and  contained  a  largo  amount  of  iron 
pigment. 

Spli'fn. — Malpighian  corpuscles  were  indefinite  and  small.  Pulp  wa.s  not 
very  cellular,  but  all  varieties  of  leucocytes  were  repre.scnted.  Many  nornio 
blasts  were  seen  at  parts.  Areas  along  the  capsule  and  trabec>iln>  showed 
granular   and  rod-shaped  mtisses   of   iron    |)igment.      There  were  also   areas 
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showing  a  network-like  deposition  of  iron  pigment  in  the  pulp,  possibly  due 
to  deposition  along  fibrin  threads  in  old  hceniorrhages. 

Kidneys. — There  was  a  fine  infiltration  of  cells  along  the  tubules,  and  some 
catarrh  and  congestion.     There  was  no  iron  reaction. 

Suprarenals. — There  were  a  few  scattered  collections  of  leucocytes  in  the 
medulla. 

Heart. — Healthy. 

Lungs. — There  were  patches  of  catarrhal  jineumonia.  Only  polymorphs 
occurred  in  the  exudation. 

Tonsils. — These  were  practically  normal.     There  were  no  germ  centres. 

Lymph  glands. — There  was  no  definite  gland  structure.  A  few  myelocytes 
and  eosinophiles  were  seen  among  the  lymphocytes.  No  iron.  A  mesenteric 
gland  showed  an  old  caseous  nodule. 

Bone  marrow. — The  fat  had  all  gone.  Except  for  an  increase  of  eosino- 
philes, the  leucocytes  seemed  in  normal  proportions.  There  were  no  phagocytes. 
Giant  cells  were  much  degenerated.     There  was  no  iron. 

Case  7. — ]\Ian,  set.  60. 

Histology. — Tongue. — Healthy. 

Intestine. — Mucous  membrane  rather  atrophic.  Peyer's  patches  small,  and 
composed  entirely  of  lymphocytes. 

Pancreas. — Healthy. 

Liver. — There  were  a  few  myelocytes  and  other  granular  cells  between  the 
rows  of  liver  cells,  and  a  small  number  of  polymorphs  and  myelocytes  in  some 
of  the  portal  spaces.  The  liver  cells  were  healthy.  Here  and  there  they 
contained  iron  pigment  in  small  quantity. 

Spleen. — Malpighian  bodies  indistinct.  Some  infiltration  of  pulp,  with 
myelocytes  and  other  granular  cells.  There  were  some  granules  of  pigment 
which  did  not  give  the  iron  reaction. 

Kidneys. — Practically  healthy.     Excess  of  leucocytes  in  the  vessels. 

Heart  nuisde. — Healthy. 

Lungs. — Patches  of  catarrhal  pneumonia  and  emphysema.  Cells  in  exuda- 
tion were  polymorphs  and  catarrhal  cells. 

MeduUa  oblongata. — Increase  of  granular  cells  in  the  vessels. 

Lymph  glands. — There  were  very  large  phagocytes  ingesting  lymphocytes 
in  all  the  lymph  paths.     There  were  a  few  basophiles  and  eosinophiles. 

Bone  marrow. — Fat  had  practically  all  disappeared.  The  most  numerous 
cells  were  myelocytes  and  coarsely  granular  cells.  Polymorphs  were  numerous. 
Lymphocytes  were  few.  Nucleated  red  cells  were  numerous.  No  giant  cells 
were  seen.     Phagocytes  and  i)igmentary  changes  were  not  found. 

III.  Summary  of  Changes  Found. 

Alimentary  canal. — lu  none  of  the  six  cases  in  whicli  sections 
were  examined  were  there  accumulations  of  white  cells  sufficiently 
large  to  affect  the  structural  arrangement.  In  only  two  cases  was 
tliere  any  excess  of  cells,  and  these  were  mainly  found  in  the  siib- 
mucosa. 

Liver. — A  prominent  feature  was  the  invasion  of  the  portal  spaces 
and  hepatic  capillaries  with  leucocytes.  The  packing  of  the  portal 
.spaces  with  blood  cells  was  considerable  in  all  the  cases,  with  one 
exception  ;  but  the  cellular  excess  in  the  capillaries  varied  very  greatly 
in  degree.     In  Case  1,  while  the  portal  spaces  were  not  invaded,  large 
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areas  of  liver  tissue  were  rendered  unrecognisable  by  the  capillary 
engorgement.  Myelocytes  and  other  granular  cells  usually  pre- 
ponderated, but  large  lymphocytes  were  also  present  in  large  numbers 
in  Cases  1,  2,  4,  and  6.  The  liver  cells  were  compressed,  and  atrophied 
wherever  the  capillary  engorgement  was  great ;  but  definite  fatty 
degeneration  was  only  found  in  one  case.  In  only  one  case  (1),  that 
in  which  the  capillary  engorgement  with  white  cells  was  most  massive, 
were  giant  cells  found.  Normoblasts  were  numerous  in  the  capillaries 
in  three  cases.  Large  phagocytes,  ingesting  red  and  white  cells,  or 
containiug  pigment,  were  found  in  the  first  four  cases.  Pigment  in 
varying  amount  was  present  in  the  liver  cells  in  all  the  cases,  and 
gave  the  free  iron  reaction  in  six  cases,  but  in  none  to  so  great  an 
extent  as  in  pernicious  antemia  or  acute  lymphatic  leukemia. 

Spleen. — In  every  case  the  Malpighian  corpuscles  were  small.  The 
pulp  in  six  cases  was  packed  with  leucocytes  as  an  outstanding 
feature.  In  Case  1  leucocytes  were  scanty,  the  pulp  being  congested  ; 
and  in  Case  3  it  was  fibrous.  Nucleated  red  cells  were  present  in 
fair  numbers  in  five  of  the  cases.  Giant  cells  were  numerous  in  two 
cases.  Phagocytes  ingesting  red  cells  were  found  in  three  cases  in 
varying  numbers.  Pigment  was  found  in  seven  cases,  and  in  sLx  of 
these  gave  the  free  iron  reaction. 

Kidneys. — Catarrhal  changes  were  present  in  four  cases.  In  six 
cases  there  were  white  cell  infiltrations,  in  some  instances  destroying 
the  tubular  structure.  Giant  cells  were  associated  with  these  in  one 
case.  The  epithelium  of  the  tubules  contained  pigment  in  two  cases. 
In  one  of  tliese  the  iron  reaction  was  present. 

Lymphatic  glands. — In  four  cases  there  was  infiltration  of  the 
glands  examined  to  such  an  extent  as  to  obliterate  their  structure. 
Although  a  larger  number  of  granular  cells  tlian  normal  was  present, 
the  bulk  of  the  cellular  excess  was  lymphocytic.  An  old  caseous 
nodule  was  found  in  Case  G. 

Hccmolymjjh  ylands. — In  only  two  cases  wore  these  structures 
recognisable  as  such.  Both  showed  lost  structure  and  jiiguicntary 
changes.     One  case  showed  the  free  irou  reaction. 

Bone  marrow  was  examined  in  six  of  the  cases,  having  lieen  lost 
in  Case  3.  In  all  it  was  definitely  myelocytic,  but  eosinojihiles  were 
al.so  a  striking  feature  in  Case  6.  In  two  cases  the  proportion  of  cells 
other  than  myelocytes  was  insignifiwint.  In  the  remaining  four  auses 
the  l)ulk  of  cells  other  than  myelocytes  consisted  of  red  cells.  Normo- 
blasts were  jiresent  in  all  of  the  cases ;  niegaloblasts  in  two  of  them. 
Phagocytes  were  seen  in  two  cases.  Pigment  was  i)resent  in  two 
c^ses,  and  gave  the  iron  reaction  in  one  of  them. 

The  main  features  of  the  cases  are  summarised  in  tlic  following 
schedule : — 
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IV.  Blood  Counts. 


The  following  table  shows  the  result  of  enumeration  and  dif- 
ferential counts  of  the  leucocytes  in  twenty-four  cases  made  when  the 
patient  first  came  under  observation  : — 


o5 

» 

Per  300 

No. 

Sex. 

Age. 

r 

s 

1 

1 

§ 
g 

a 
1 

1 

1 
E 

a 

i 

-a 

1 

la 

.2 
g> 

c 
•s 

1 

Leu- 
cocytes. 

i 

1 

3 
1 

1 

M. 

43 

37 

3 

7 

0-3 

5-6 

34 

4 

9 

0  1  1 

1 

2 

F. 

28 

350,000 

48 

4-6 

2.4 

1-2 

0-9 

32 

3-2 

« 

1   0 

3 

F. 

21 

412,000 

24 

3 

6 

1 

8 

53-7 

3 

1 

0 

0 

4 

M. 

45 

210,000 

26 

7 

4 

0 

7 

53 

2 

1 

6 

3 

5 

M. 

50 

58 

0-5 

1-5 

0-5 

0-5 

36 

2-5 

0-5 

3 

1 

6 

F. 

47 

170,000 

10 

15 

1 

0-5 

5 

65 

3 

0-5 

0 

0 

7 

F. 

39 

470,000 

61 

0 

0 

0-5 

0-5 

37 

0-5 

0-5 

22 

10 

8 

F. 

32 
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53 
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4 

24 
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2 

2 

9 

F. 

37 
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64 
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1 

1-5 

6 

15 

4 
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5 

0 

10 
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23 
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19 

3 

4 

13 

1 

12 

6 

12 

11 
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50 

4 

0 
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41 

2 
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7 

7 
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66 
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2 
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6 
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4 
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As  will  be  seen,  the  numbers  of  the  total  counts  of  leucocytes  in 
the  twenty-four  cases  cited  are  generally  within  the  usual  limits  of 
from  200,000  to  500,000.  The  one  case  which  has  a  really  low 
count  was  in  complete  remission  at  the  time.  The  striking  point 
which  comes  out  in  the  study  of  the  percentages  is  their  extreme 
variability  in  difilerent  eases,  and,  though  this  does  not  appear  in  the 
table,  in  the  same  case  at  different  dates.  Thus  we  find  the  following 
variations  : — 


Polymorphs  . 

10      to  77  per  cent 

Neutrophile  myelocytes 

2       „    65 

Lymphocytes  (all  sorts) 

3       „    13 

Eosinophile  polymorphs 

0-5    „     8 

,,          myelocytes 

0-5    „     8 

Basophiles     . 

0-5    „    15 

18 

19 

31 

7 

68 

44 

46 

58 

o 

30 

18 

34 

7 

7 

1-6 

6 

This  marked  variability  was  pointed  out  by  EhrUch  long  ago,  and,  like 
him,  we  do  not  find  that  the  alteration  of  percentages  corresponds  to 
any  noticeable  clinical  differences  or  pathological  variations.  The 
difl'erence  in  the  individual  case  may  be  illustrated  by  taking  the  first 
one,  in  which,  on  four  separate  occasions,  the  percentages  were  as 
follows : — 

Polymorphs 
Myelocytes 
Lymphocytes 
Basopliiles 

The  striking  point  that  comes  out  in  all  the  counts  is  the  number  of 
nucleated  reds,  and  especially  of  megaloblasts,  which  were  present. 
The  normoblasts  run  from  0  to  22  per  300  leucocytes ;  the 
megaloblasts  from  0  to  33.  Both  were  absent  from  five  cases  on  the 
first  examination,  and  in  one  only  were  no  nucleated  reds  ever  found — 
a  chronic  relapsing  case  which  has  had  several  remissions.  This 
patient  is  now  very  ill  indeed,  and  very  ansemic,  but  in  spite  of  that 
fact  there  are  no  nucleated  reds  to  be  found  in  the  films.  We  did 
not  expect  to  find  so  many  megaloblasts,  and  they  were  not  by  any 
means  found  mainly  in  late  cases.  A  count  of  12  per  300  whites 
was  found  in  one  case  where  the  leucocytes  were  only  8000,  and  the 
I  use  was  symptomatically  well  with  a  decrease  in  the  size  of  the 
spleen.  Another  count  of  7  per  300  whites  was  found  in  a  man 
doing  full  work,  whose  leukamia  was  discovered  accidentally.  In 
cases  which  we  followed  out,  however,  they  seemed  to  increase  towards 
the  end,  and  curiously  enough  in  one,  at  least,  where  this  was  the  case, 
they  were  not  found  in  the  marrow,  all  the  nucleated  reds  there  being 
normoblasts.  The  highest  count  of  megaloblasts  was  in  a  case  from 
the  Sick  Children's  Hospital — an  instance  of  the  well-known  fact 
that  the  an;emias  of  childliood  are  specially  prone  to  assume  the 
megaloblastic  type.  It  seems  to  us  that  the  presence  of  so  many 
nucleated  reds  in   the  blood,  especially  when  the  aua-mia  is  not  very 


226    G.  LOVELL  GULL  AND  AND  ALEXANDER  GOOD  ALL. 

marked,  is  a  strong  argument  against  the  theory  of  an  infectious  origin 
for  the  disease,  and  in  favour  of  that  of  a  bone-marrow  disturbance 
from  other  causes. 

We  thought  that  it  would  be  of  interest  in  view  of  the  discussions 
which  have  recently  taken  place  as  to  the  place  of  origin  of  lympho- 
cytes to  find  what  the  total  number  of  these  cells  per  c.c.  of  blood  was. 
We  are,  of  course,  strongly  of  opinion  that  most,  if  not  all,  of  the 
lymphocytes  circulating  in  the  blood  are  derived  from  the  bone  marrow, 
and  in  practically  all  the  cases  which  we  have  cited  the  total  number 
of  lymphocytes  was  enoi-mously  increased.  The  numbers,  indeed,  were 
so  great  that  one  could  not  possibly  imagine  them  coming  from  else- 
where than  the  marrow.  If  we  take  half  a  dozen  cases  at  random 
the  totals  work  out  in  this  way — 

Total  counts— 412,000,  400,000,  8,000,  116,500,  136,000,  451,800 

Total  Lymphocytes— 41,200,  16,200,  2,240,  5,825,  14,820,  22,590 

Lymphocyte  percentage — 10,  4,  28,  5,  12,  5. 

V.  Pathogenesis. 

Lowit's  view  that  leukaemia  is  due  to  a  h;i;mamoeba  is  now 
generally  discredited,  though  he  continues  to  publish  observations. 
There  is  no  other  very  definite  theory  as  to  causation.  Ehrlich,  we 
presume,  adheres  to  his  theory  of  mixed-cell  leucocytosis.  A  fair 
number  of  experimental  observations  which  have  been  undertaken 
with  the  view  of  throwing  light  on  causation  have  been  published 
within  recent  years.  Schupfer  (1905)  injected  leuktemic  blood  into 
rabbits,  guinea-pigs,  and  bats.  The  rabbits  showed  a  leucocytosis  not 
leuktemic  in  type ;  the  guinea-pigs  died,  probably  because  the  injected 
blood  was  toxic  or  hemolytic ;  the  blood  of  the  bats  showed  no  change, 
though  they  are  sensitive  to  organisms  of  the  same  type  as  tlic 
presumed  ha^mamojlja.  He  also  injected  leuk;vmic  blood  into  four 
patients  suffering  from  carcinoma.  The  results  should,  of  course,  have 
been  positive  if  the  disease  were  due  to  an  infection  with  organisms 
circulating  in  the  blood.  The  patients  lived  varying  times  after  the 
injections.  The  first  showed  a  leucopenia  ;  the  second  an  ordinary 
leucocytosis  as  before  the  injection ;  the  third  a  leucocytosis  with  an 
increase  of  lynijjhocytes,  as  before  the  injection ;  while  the  fourth 
received  blood  from  an  acute  lynijiliatic  leukivmia,  and  the  pre-existing 
leucocytosis  diminished.  Lowit's  bodies  were  never  found  in  the  blood 
of  these  patients.  Masetti  and  l^ubinato  (1905),  working  along  soine- 
wliat  similar  lines,  injected  Icuka'inic  blood  intravenously  into  rabbits 
in  doses  of  from  10  to  15  drojis,  and  jilaced  portions  of  leuka'Uiic  spleen 
and  marrow  in  the  peritoneum.  All  tlio  ral)bits  died  after  a  few  days, 
when  the  tissue  was  u.seil ;  after  one  or  two  months,  when  blood  had 
been  injecteil.  The  authors  state  that  a  temporary  leucocytosis  w:i 
produced,  generally  running  about  10,000,  once  up  to  50,000.     Mnsi 
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cells  were  increased,  myelocytes  appeared,  and  sometimes  normoblasts, 
and  there  was  a  neoplastic  hyperplasia  of  lymphatic  tissue  and  marrow. 
Marrow  from  these  animals  carried  on  into  others  caused  the  same 
appearances.  No  organisms  were  found  in  the  blood  or  organs  of  the 
human  leuksemics,  but  in  the  organs  of  the  rabbits  staphylococci, 
bacilli,  and  diplococci  were  found.  They  regarded  the  lesions  produced 
as  being  due  to  some  toxic  ageucy  which  escapes  bacterial  and 
microscopical  investigation.  It  is  curious,  moreover,  that  leukaemia  is 
not  known  to  occur  in  these  animals.  Weil  and  Clerc  (1905)  find  that 
it  is  common  in  the  dog,  horse,  cattle,  and  pig ;  rarer  in  the  cat ;  stiU 
rarer  in  the  goat,  sheep,  and  rat ;  unknown  in  the  guinea-pig  and 
rabbit.  They  found  that  intravenous  injection  of  the  blood  of  a 
leuka?mic  dog  into  another  dog  was  fruitless.  It  was  also  unsuccessful 
when  the  blood  was  injected  into  the  peritoneum,  when  the  leukiemic 
tissues  were  transplanted  under  the  skin,  and  when  blood  was  injected 
into  the  veins  of  rabbits. 

For  very  much  the  same  reasons  as  those  given  in  our  recent 
paper  on  lymphatic  leukiemia  we  regard  myelocythiemia  as  a  useless 
overgrowth  of  marrow  cells,  possibly  due  to  the  disturbance  of  the 
mechanism  governing  cell  production — something  akin  to  sarcomatosis. 
The  origin  of  the  conditions  may  differ,  since  a  sarcoma  always  begins 
locally,  while  leukaemia  is  probably  not  a  localised  process  in  the  same 
strict  sense  in  the  beginning,  though  possibly  the  great  mobility  of  the 
tissue  involved  may  account  for  the  early  diffusion  of  the  process. 
As  the  elements  involved  are  mainly  granular  cells  in  myelocythiemia, 
and  as  these  are  more  highly  differentiated  than  the  lymphocytes,  the 
disease  is  less  malignant,  and  therefore  in  the  great  majority  of  cases 
runs  a  more  chronic  course  than  lymphatic  leuktemia. 
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EXPEEIMENTAL  AND  CLINICAL  OBSERVATIONS  ON 
THE  URINE  AND  BLOOD  IN  NEPHRITIS.^ 

By  John  Ligertwood  G-keen,  M.D.,  Carnegie  Demonstrator  of  Physioloiiy 
in  the  School  of  Medicine  of  the  Royal  Coller/es,  Edinhurgh. 

From  the  Laboratory  of  the  Royal  College  of  Pliysicians  of  Edinbun/h. 

The  following  observations  have  been  carried  out : — 

1.  On  two  (logs  and  eight  rabbits,  in  which  experimental  nephritis 
had  been  induced  by  the  hypodermic  injection  of  potassium  chromatc 
In  each  of  these  a  qualitative  and  a  quantitative  analysis  of  the  urinai  \ 
constituents  was  carried  out,  and  observations  were  made  on  the 
blood. 

2.  Similar  observations  on  the  human  subject  were  carried  out, 
in  one  case  of  acute  parenchymatous  nephritis,  one  case  of  subacute 
parenchymatous  nephritis,  and  one  case  of  interstitial  nephritis. 

Methods. 

In  animal  experiments  the  poisons  commonly  used,  canlharides,  corrosive 
subhnuitc,  and  oxalic  acid,  arc  dillicult  to  regulate,  and  when  the  changes  in  the 
blood  are  ti)  be  noted  the  results  are  undesirable  on  account  of  the  ha'molytic 
effect  of  these  substances. 

The  agent  found  most  suitable  for  prolonged  aduiinistration  was  a  sail  of 
clu'omic  acid  ;  that  used  in  these  experiments  was  the  potash  salt. 

Chromic  salts  were  found  suitable  by  Hall  and  Ilerxhoimer.-  They  state, 
that  apart  from  the  to.xic  action  on  the  organism  the  changes  in  the  kidney, 
etc.,  are  so  regular  that  any  direct  effect,  i.e.  the  effect  on  the  tissues  produced 
directly  by  the  salt  as  opposed  to  the  effect  due  to  the  nephritis,  is  minimal. 
The  strengtli  of  the  solution  u.sed  in  tlie.xe  experiments  was  O'l  grm.  nf 
potassium  chroniate  dissolved  in  20  c.c.  of  water.  The  dose  varied  witli  the 
weight  of  the  animal,  the  usual  standard  taken  was  10  c.c.  (0'05  grm. 
pota.ssiuui  cliromate)  for  an  animal  of  1500  grms. 

The  first  rabbit  receiveil  O'l  grm.,  but  the  action  was  so  severe  that  tlie 
animal  died  in  two  days.  In  .several  rabbits  the  injection  was  rei)catcd  threi' 
times,  0  05  grm.  of  potassium  cliromate  being  given  on  each  occasion.  Tln' 
animals  were  kept  in  a  zinc  cage,  the  ffoor  of  which  inclined  to  a  central  drain. 
This  drain  was  filled  with  gla.ss  wool  through  which  the  urine  filtered  free  from 
fsBces,  etc.,  to  a  receptacle  below. 

'  Received  July  "20,  1908. 

=  Brit.  Med.  Joiim.,  London,  1904,  vol.  i.  |).  819. 
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The  Diet  ditrinri  the  whole  Ej'iJeriments. 

I.  Eabcits. — A  constant  green  vegetable  diet,  in  the  form  of  cabbage,  was 
given,  as  upon  .such  the  daily  excretion  is  more  abundant  and  regular  than  on 
the  usual  laboratorj-  diet  of  meal  and  water. 

II.  Dogs. — The  dogs  were  fed  with  unsalted  oatmeal  porridge  and  milk. 

The  following  protocols  give  the  results  of  two  typical  experiments 
iu  rabbits. 

EXPERIMENTS  IN  KAP.BITS. 

Experiment  5. 


Rahhit  (2230  grms.). — 0'05  grm.  of  potassium  chromate  in  10  c.c. 
water  was  injected.  On  third  day  after  injection  the  urine  contained 
albumin  2'5  per  mille,  renal  epithelium,  and  granular  tube  casts.  For  the  next 
three  days  albumin  was  0'5  per  mille.  Deposit — a  few  renal  cells,  and  portions 
of  tube  casts.     Weight,  2170. 

Reinjected  (0"75  grm.  potassium  chromate  in  15  c.c.  of  water),  and  on  the 
third  and  fourth  day  after  that  albumin  equalled  2 '5  per  mille.  Deposit,  as 
before. 

A  third  injection  was  given  (O'l  grm.  potassium  chromate).  Albumin  in 
urine  for  day  following  rose  to  3  per  mille.  Second  day,  2  per  mille.  Deposit, 
renal  epithelium  with  granular  and  hyaline  tube  casts. 

The  nephritis  gradually  subsided,  and  on  the  twelfth  day  the  rabbit  was 
found  dead. 

Clianijes  in  the  Bluod. 


Red 
Blood  Cor- 

White 
Blood  Cor- 

Poly- 
morpho- 

Lympho- 
cytes. 

Basophiles. 

puscles. 

puscles. 

nuclears. 

Before  injection 

fi,  870, 000 

7,800 

39 

54 

6 

After  injection,   4th    day . 

6,440,000 

18,000 

47 

47 

6 

2nd           „           1st       ,,    . 

6,150,000 

10,000 

37 

57 

6 

3rd      „    . 

6,130,000 

8,100 

46 

48 

6 

14th      ,,    . 

6,500,000 

7,800 

44 

50 

6 

3rd  injection,      2nd     „    . 

5,520,000 

13,400 

63 

52 

Sth      „    . 

6,280,000 

7,200 

50 

44 

6 

Hit>folo<jical  Chanijes  in  Organs. 

Spleen. — Pulp  markedly  congested.  Malpighian  bodies  were  small.  In 
the  sinuses  were  large  cells,  both  endothelium  and  leucocytes,  engorged  with 
slightly  altered  red  blood  corpuscles,  or  with  a  golden  brown  pigment  derived 
from  them.  In  addition  to  this  there  was  a  small  quantity  of  a  darker  brown 
pigment  in  small  granules,  for  the  most  [lart  free  and  to  a  less  extent  intra- 
cellular. Some  of  the  sinuses  showed  a  nuirked  prominence  of  the  endothelial 
cells  lining  them. 

Marroir. — Showed  marked  congestion  and  loss  of  Udrmal  arrangement  of 
blood  vessels.  Increase  of  cellular  elements  encroaching  upon  the  tissues, 
especially  fat  cells.  Leucocytes  seemed  diminished  in  number,  and  more  widely 
scattered  among  the  erythrocytes  than  usual,  a  very  few  showed  mitosis. 
Giant  cells  scanty  and  degenerated.     Erythroblastic  tissue  not  active. 

Kidney. — Glomeruli  showed  slight  librous  thickening,     liowr.ian's  cajisule 
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showed  active  proliferation.  In  some  of  the  glomeruli  there  was  accumulation 
up  to  the  capillaries.  In  the  convoluted  tubules  the  epithelial  cells  were 
swollen  and  nuclei  were  not  visible.  Casts  numerous.  In  the  loop  tubules 
active  cell  proliferation  was  seen. 

Liver. — Throughout  the  liver  there  was  a  moderate  quantity  of  a  granular 
brown  pigment ;  this  was  rather  more  in  amount  towards  the  periphery  than 
the  centre  of  the  lobule.?.  In  addition  to  tliis,  the  endothelium  lining  the 
near  capillaries  was,  in  many  cases,  packed  with  a  similar  pigment.  There  was 
no  evidence  of  congestion. 

EXI'EHIMEXT    il. 

Rabbit  (1845  grnis.). — Potas-siuni  chromate,  O'Oo  grm.  iu  10  c.c.  of 
water,  was  injected.  On  the  following  day  450  c.c.  of  urine  was  excreted, 
containing  albumin,  1'5  per  mille ;  few  epithelial  casts  in  the  deposit. 

The  second  day  after  injection  the  urine  fell  to  40  c.c.  ;  albumin  rose  to 
4  per  mille. 

On  third  day  albumin  amounted  to  3  per  mille  ;  depo.sit  similar.  The 
albumin  gradually  disappeared  from  the  urine,  and  after  the  fourteenth  day 
only  a  trace  could  be  found. 

A  second  injection  was  given  (0'05  grm.  potassium  chromate).  Subse- 
quent nephritis  was  slight.     Albumin,  0-5  jier  mille  for  the  next  five  days. 

Third  injection  (0'05  grm.  potassium  chromate).  No  urine  excreted  on  the 
following  day,  but  on  the  second  day  the  quantity  rose  to  240  c.c.  There  was 
a  heavy  precipitate  of  albumin. 

C'lianijes  in  /he  Blood. 


Red 
Blood  Cor- 

White 
Blood  Cor- 

Poly- 

morjilio- 

Lyni))lio- 
cytos. 

Basophiles. 

puscles. 

puscles. 

imclears. 

liefore  injection 

7,530,000 

10,000 

53 

45 

2 

After  injection — 

1st  injection,      1st  d^iy  . 

7,200,000 

n,200 

14 

52 

4 

3r,I    ,,     . 

7.500,000 

1  (5,000 

r.o 

40 

2 

•'•til    ,,    . 

8,220.000 

10,000 

45 

45 

10 

8tli    .,     . 

7, .300,000 

12,000 

54 

40 

6 

VM\    „     . 

7,900,000 

10,000 

48 

44 

S 

'Jud  iiijectiiin,    2nd    ,,     . 

6,000,000 

10,. 500 

8th    ,,    . 

6,000,000 

13,000 

Histoloijical  Cliaiii/>',t  in  Orijaii.''. 

Spleen. — Congested.  Malpighian  bodies  were  small  and  comi)aratively 
inactive.  Endothelial  cells  in  sinuses  were  very  prominent,  and  in  the  sinuses 
there  were  large  cells  which  contained  a  dark  brown  ]iigment. 

Marroir. — Congested.  Fat  cells  shrunken  and  diminished:  erytlirobla 
action  was  iliniinished,  total  number  of  red  c(dls  greatly  reduced,  antl  very  lr 
nucleated  red  blood  cori)Usclos  visible.  There  wa.s  marked  evidence  of  nd 
cells  destruction.  Scattered  through  the  marrow,  but  tending  to  collect  iu 
areas,  were  large  cells  (as  seen  in  the  spleen)  which  had  engulfed  red  bloixl 
corpuscles  ;  these  might  be  .seen  lying  in  the  cells  in  iill  stages  of  disintegration. 
Leucoblastic  tissue  unusually  active,  the  number  of  eosinopliiles  and  jisoudo- 
eosinophiles  seen  in  nil  stages  of  mitosis  being  very  great. 

Ki(tnei/i>. — Showed   marked   congoslion   of   blood    vessels  and   glt>meruli. 
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in  a  few  instances  liaemorrliagic  etfusion  between  the  glomeruli  and  capsule 
and  into  the  surrounding  tissue  present.  Epithelium  of  convoluted  tulniles 
was  swollen,  nuclei  stained  indistinctly  ;  lumen  verj'  much  narrowed  and  filled 
with  desquamated  cells.  Descending,  ascending,  and  loop  tubules  of  Henle 
showed  desquamation  of  cells  to  a  very  much  slighter  degree.  Collecting 
tubules  practically  unafiected.  Early  interstitial  changes  seen  throughout  the 
kidneys. 

Liver. — Slightly  congested.  A  few  granules  of  pigment  in  the  cells  at 
periphery  of  lobules.  In  the  hepatic  capillaries,  here  and  there  throughout 
the  liver,  were  granular  leucocytes  in  all  stages  of  mitosis. 


Effect  of  Xephritis  ox  Amount  of  Urine  (Eabbit.s). 

The  re.sults  in  this  connection  can,  perhaps,  be  best  compared  bv 
expressing   the   daily  (quantity  of   urine   passed   after   injection,  as  a 

percentage  of  the  urine  Viefore  injection. 


Days. 

Experiment. 

First. 

Second. 

Third. 

Fourth. 

Fifth. 

Sixth. 

1 

0 

85 

2 

82 

182 

.3A 

43 

53 

48 

37 

77 

3b 

53 

40   ■ 

48 

63 

76 

3c 

65 

65 

52 

44 

53 

3d 

58 

19 

40 

46 

4  a 

70 

50 

90 

■In 

50 

0 

101 

41 

45 

4r 

54 

0 

35 

5a 

56 

21 

44 

64 

120 

;iB 

48 

32 

44 

40 

98 

98 

5c 

40 

84 

56 

101 

6a 

19 

57 

69 

56 

88 

6b 

£3 

101 

150 

76 

85 

6c 

100 

0 

101 

95 

7a 

Til 

117 
6S 

103 

5S 

91 

62 

63 
34 

100 

Sa 

90 

90 

91 

95 

Se 

34 

50 

100 

Sc 

95 

0 

0 

Number  of  days  observed   . 

litis 

1040 

1212 

855 

743 

98 

20 

20 

18 

I       14 

9 

1 

Av 

erage 

58 

52 

67 

1      ^^ 

82 

98 

We  tiud  there  is  a  marked  fall  in  the  amount  of  urine  passed  after 
the  onset  of  the  nephritis.  This  change  is  most  marked  during  the 
first  two  days,  wlien  the  urine  fell  to  an  average  figure  of  50  per  cent. ; 
after  this  the  amount  gradually  rises  again,  and  by  the  seventh  day 
the  normal  amount  may  be  reached. 
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Protein  per  Diem  expressed  in  Milligrammes  {in  Rahliil  Ej-perimenis). 


Days. 

' 

Experiment. 

1 

First. 

Second. 

Third.   |  Fourth. 

Fifth. 

Sixth. 

1 

0 

700 

2 

170 

250 

3a 

730 

720 

160 

62 

60 

3b 

60 

50 

60 

70 

00 

3c 

160 

480 

220            180 

16 

... 

3d                           .         .         . 

60 

400 

320           190 

4a 

80 

120 

110     !      ... 

4b          .         .                 .         . 

120 

0 

730 

220 

100 

4c 

60 

5a                    .         .         .         . 

0 

° 

275 

80 

100 

5l!                          .            .             .             . 

0 

200 

50 

260 

20 

20 

5c 

300 

420 

70 

130 

Ca 

160 

600 

430 

110 

90 

6l! 

25 

120 

160 

80 

70 

fie 

7a          .         .                  .         . 

40 

180 

160 

no 

170 

7b 

120 

20 

880 

1200 

8a 

2 

10 

10              10 

8ii          .         .         .         .         . 

0 

50 

100     i       ... 

8c 

100 

84 

0 

0 

' 

2187 

4560 

3535 

2662 

746 

Average 

20 
109 

20 

16 

14 

9 

228 

220 

190 

82 

20 

Pi:OTRIX    ritKSENT    TX    TIIF,    UlUNK. 

Tlu!  Uiljle  .shows  Uiat  llic  uriiiu  excreted  tlie  day  after  injection 
of  polas.siuni  chromale  eontain.s  albumin,  and  tliat  tlie  albumin  is 
present  in  largest  quantities  during  tiie  .second  day.  From  the  second 
day  the  albumin  gradually  sulisidcs,  till,  by  tlic  seven! li.  the  urine 
contains  practically  none. 

When  we  compare  the  tables  of  daily  excretion  of  urine  and  the  totnl 
output  of  jn'otein  in  the  urine  in  twenty-four  hours,  it  will  be  noticed 
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that  as  the  protein  rises  the  quantity  of  urine  falls,  and  as  the  albumin 
disappears  the  urine  tends  to  return  to  the  normal  level. 

In  three  experiments  (1,  2,  and  10)  the  proteins  were  separated. 


Serum 
Albumin. 

Serum 
Globulin. 

Per  Cent 

of  Total. 

Experiment. 

Total  Protein. 

Serum 

Serum 

Albumin. 

Globulin. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

1    . 

0 

35 

0-27 

0 

07 

75 

25 

/     0 

078 

0-05 

0 

028 

66 

34 

"   ' 

I      0 

07 

0-06 

0 

01 

85 

15 

10.\ 

f      1 

29 

0'9 

0 

38 

64 

36 

»      0 

69 

0-56 

0 

13 

81 

19 

[      0 
0 

17 

0-12 

0 

05 

73 

27 

lOf. 

21 

0-16 

0 

05 

75 

25 

(      0-14 

0-10 

0-04 

71 

29 

The  ratio  of  serum  albumin  to  serum  globulin  is  never  constant. 
Serum  albumin  is  present  as  a  higher  percentage  of  the  total  protein, 
and  when  the  total  protein  is  high  the  globulin  is  present  in  greater 
amount. 

EXPERIMENTS  IN  DOGS. 
Experiment  1. 
Female  dog. — Potassium  chromate,  I'O  grm.  in  20  c.c.  of  water  was  injected. 


After  injection — 

First    day 

The  urine  was  lost,  as  the  dog  suffered  from  diarrhwa. 

Second  ,,   (560  c.c.  of  urine) 

Slight  amount  of  albumin  ;  deposit,  nothing  to  note. 

Third    „  (610  c.c.)    . 

Traces  of  albumin  ;   deposit,   few   gi'anular  casts   and 

epithelium. 

Fourth  ,,  (555  c.c.)   . 

Trace  of  albumin.                                                                      , 

Reinjected     .... 

0-5  grm.  potassium  chromate. 

Filth  day  (730  c.c.)    . 

Rise  in  amount  of  albumin. 

Sixth   „    (710  c.c.)   . 

Fairly  heavy  precipitate  with  nitric  acid  andon  boilins; ; 

deposit,  granular  tube  casts. 

Seventh  ,,   (370  c.c.)   . 

Albumin  and  deposit  similar. 

The  total  nitrogen,  chlorides,  phosphates,  and  creatinin  were  estimated  daily. 

E-i-rretion  of  Solids. 

Total  niirogpn.— The  average  total  nitrogen  for  three  days  before  induc- 
tion of  nephritis  was  4'6  gnus,  per  diem. 
After  the  on.sot  of  nephriti.s — 

Second  day       .  .  .  .3-7    grm.*.  per  diem. 

Third 

Fourth 


Fifth 
Si.xth 
Seventh 
Average  of  the  si.K 


3-7 

3-7 

3-3 

4-8 

-'•71 

3  05 


lavs  =  31 


302 


JOHN  LIGERTWOOD   GREEN. 


Chlorides. — The  average  output  of  chlorides  for  three  days  before  induc- 
tion of  nephritis  =  1  '6  grm.  NaCl  per  diem. 
After  onset  of  nephritis — 

Second  day        ....       0'67  grm.  per  diem. 

Third      „ 

Fourth    „ 

Fifth       „ 

Sixth       „ 

Seventli  ,, 
Average  for  the  six  days  =  0'74  grm. 
Phosphates. — Average    for   three    days   before 
1-05  grm.  PjOj. 

After  the  onset — 


0-88 
0-66 
1-04 
0-71 
0-49 


induction    of   nephritis  = 


Second  day 

0-87  grm. 

per 

diem. 

Third      „          .             .             . 

1-22      „ 

J 

Fourth    „ 

•       0-79      „ 

_ 

Fifth       „          .             .             . 

■       1'43     „ 

Sixth      „          .             .             . 

•       MO     „ 

, 

Seventh  „          . 

•       0-84     „ 

, 

Average  for  the  six  days  =  1-04  grm. 

Creatinin. — Average    for    three    days 

before    inductio 

1     of 

nephritis 

0-435  grm. 

After  the  onset — 

Second  day 

.     0-392  grm. 

per 

iiem. 

Third      „          .             .             . 

.     0-449      „ 

Fourth    „          •              ■             ■ 

.     0-320      „ 

Fifth       „          .             .             . 

.     0-492     „ 

Sixth      „          .              .              . 

.     0-383      „ 

Seventh ,,          . 

.     0-297     „ 

Average  for  the  six  days  =  0'383  gnu. 

The  total  nitrogen  was  reduced  on  the  onset  of  nephritis  from  4-6  grms. 
per  diem  to  3-7  grms.  per  diem,  and  still  further  when  the  albuminuria  was 
more  marked,  namely,  2-71  grms.  per  diem. 

The  chlorides  were  excreted  in  less  amount  during  the  nephritis,  falling 
from  1-6  grm.  per  diem  to  0-67  grm.  The  amount  ro.se  as  the  albumin 
diminished,  then  there  was  another  marked  fall  as  the  albumin  increased 
again,  namely,  to  0-71  and  0-49  grm.  per  diem. 

The  phosphates  and  creatinin  showed  less  variation.  The  creatinin  follows 
the  curve  of  the  chlorides,  but  less  closely.  The  phosphates  show  practically 
no  reduction. 

Summary. 


Nitrogen 

(Grms.  per 

Diem). 

Chlorides 

(Grms.  per 

Diem). 

Phosphates 

(Grms.  per 

Diem). 

Creatinin 

(Grms.  per 

Diem). 

Average  berore  nephritis     . 
,,        (luring  the  nephritis    , 

4-6 
3-1 

1-6 
0-74 

1-06 
1-04 

0-435 
0-388 

As  regards  the  total  nitrogen,  the  chlorides,  the  phosphates,  and  creatinin, 
we  find  the  most  di.stinct  alteration  in  a  reduction  of  total  nitrogen  and 
ohlnridcs.  To  a  less  extent  there  is  a  diminution  of  the  creatinin,  and  there 
is  practically  no  alteration  in  the  phosphates. 
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The  total  nitrogen  is  reduced  by  25  per  cent,  and  the  chlorides  over  50 
per  cent. 

A  considerable  amount  of  work  lias  been  done  clinically  by  French 
observers,  chiefly  by  'Widal  and  Javal  (1903  i).  They  state  that  in  interstitial 
nephritis  there  is  practically  no  reduction  of  chlorides,  but  in  parenchymatous 
nephritis  there  is  a  marked  retention  of  chlorides,  leading  to  an  increase  of 
fluid  in  the  tissues,  this  ri'tentiou  being  proportioned  to  the  albiuuinuria. 

Labbe'  (190-t-)  contradicts  this  statement,  and  says  there  is  no  evidence  of 
excess  of  chlorides  in  the  blood. 

In  experiment  1  the  very  marked  fall  of  the  chlorides  and  the  proportional 
rise  in  the  albumin  tend  to  confirm  the  contention  of  Widal  and  Javal. 

Experiment  2. 

In  this  experiment  the  proteins  were  separated. 

Dog  (14J  kilos). — 1  grm.  of  potassium  chromate  injected  in  20  c.c.  of  water. 


1          Protein 

Serum 

Serum 

1        Per  Cent. 

\ 

Albumin. 

Glohulin. 

After  injection — 

First      day   . 

1  ■29 

0-9 

0-38 

Second    ,,      . 

0-69 

0-56 

0-13 

Third      ,,     . 

Xo  ui  ine 

Fourth    ,,     . 

0-122 

... 

Fifth       „      . 

0-OS 

... 

Sixth      ,.      . 

0-01 

... 

Seventli  ,,      . 

0-02 

Eighth    „      . 

0-018 

Injection  repeated- 

First      day   . 

017 

0-12 

0-05 

Second    ,,      . 

0-21 

0-16 

0-05 

Third      ,,      . 

0-14 

0-10 

0-04 

Chaniiis  in  fhf  Bloml. 


Red 

White 
Blood  Cor- 

Poly- 
morpho- 

Lyrapho- 

Eosino- 

puscles. 

jjuscles. 

nuclears. 

philes. 

Before  injection    . 

8,160,000 

10,100 

69 

30 

1 

.Vfter  injection — 

Second   day 

5,350,000 

17,000 

75 

20 

.■, 

Fourth    ,, 

5,370,000 

16,400 

66 

2.') 

10 

Eighth     „        . 

7,040,000 

11,600 

70 

20 

10 

Second  injection — 

Second  day     . 

6,470,000 

23,200 

75 

20 

r. 

Seventh   ,,       . 

7,870,000 

16,800 

63 

26 

0 

Su.M.M.\KY  OF  Changes  ix  ruixii  in  E.\i>ki{i.mextal  Xephkitis. 
Amonrd. 

1.  The   total   urine    per    diem    fulls   at   the    onset    of    nephritis, 
gradually  rising  again  as  the  iiathological  condition  subsides. 

2.  The  amount  of  urine  varies   in   inverse  ratio  witli   the  actual 
amount  of  protein  it  contains. 

20 ■'!..    OK  PATH. — VOL.    Mil. 
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Excretion  of  Solids. 
1.   CoiucidiDg  with  the  onset  of  nephritis   there    is  a   fall    iu    the 
excretion  of  nitrogen,  also  marked  retention  of  chlorides.     To  a  less 
extent  the  creatinin  output  is  diminished,  and  practically  no  alteration 
in  the  outf)ut  of  phosphates  occurs. 

Protein. 

1.  In  view  of  its  relationship  to  the  output  of  total  nitrogen  and 
other  constituents,  the  amount  of  protein  present  in  the  urine  may  lie 
taken  as  an  indication  of  the  severity  of  the  kidney  lesion. 

2.  Serum  albumin  and  serum  globulin  are  always  present,  serum 
alljumin  always  being  in  excess. 

In  the  presence  of  a  high  albuminuria,  serum  globulin  is  in  greater 
proportion  than  in  a  low  albuminuria. 


Chaxges  in  the  Blood  ix  E.xperijiental  Nephritis. 

The  following  tables  show  the  changes  expressed  as  a  percentage  of 
the  blood  count  before  the  induction  of  nephritis : — 

Table  I. — ■Showing  Changei^  in  Percentage  of  Red  ami  Wliite  Blood 
Corpuscles.     Also  Bay  of  Experiment  taken  Oh^ervation  was  made. 


Red  Blood 

White  Blood 

Day  of 

Corpuscles. 

Corpuscles. 

Experiment. 
Second. 

E.\iieiimeut    2          .         .         .         . 

93 

125 

3          .         .         .         . 

r          114 

100 

Seventh. 

L            fifi 

96 

Fourth. 

(             96 

110 

Fourth. 

4           .         .         .         . 

9(i 

108 

Fourth. 

I             93 

105 

Tenth. 

f            93 

230 

Third. 

89 

128 

First. 

^ 

S9 

103 

Third. 

,,             J          .         .         .         . 

i>i 

100 

Twelfth. 

SO 

171 

Second. 

*-             91 

92 

Kighth. 

[            95 

87 

First. 

100 

150 

Tliird. 

109 

100 

Filth. 

6          .         .         .         . 

9  (J 

118 

Seveiitli. 

104 

99 

Twelfth. 

94 

125 

First. 

79 

100 

Fourth. 

7          .         .         .         . 

/-            "" 

125 

Third. 

90 

117 

Fourth. 

9,'> 

114 

Fourth. 

„            S          .         .         .         . 

103 

100 

First. 

93 

125 

Thii-d. 

I            82 

142 

Fourth. 

eti 

168 

Second. 

firt 

162 

Fourth. 

10          .... 

81! 

129 

Ninth. 

79 

229 

First. 

I            90 

186 

Sixth. 
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Table  II. — CliangeB  in  Percentafjf  of  Red  Blood  Corpuscles  arranged 
accordiud  to  the  Days  of  Experiment. 


First  to  Third 
Day. 

Fourtli  to  Si.xtli 
Day. 

Seventh  to  Ninth 
Day. 

Tenth  to  Twelfth 
Day. 

93 
93 
89 
89 
SO 
95 

100 
94 
79 

103 
93 
6a 
79 

96 
96 
96 
109 
79 
90 
95 
82 
66 
96 

114 
91 
9« 
89 

93 

94 
104 

291 

390 

3 

4 

905 

1122 

13 

Average,  86 

90-5 

97 -5 

97 

Table  III. — Changes  in  Percentage  of  White  Blood  Corpuscles  arranged 
according  to  Days  of  Experiment. 


\ 

First  to  Tliird              Fourth  to  Sixth 

Day.                 1                 Day. 

Seveutli  to  Kinth 
Day. 

Tentli  to  Twelfth 
Day. 

125 
230 
128 
103 
171 
87 
150 
125 
125 
100 
125 
168 
229 

96 
110 
108 
100 
100 
117 
114 
142 
1G2 
166 

100 
92 
118 
129 

105 
99 
100 

304 

439 

3 

4 

1215 

10 

1866 

13 

Average,  143 

121 

109 

101 

These  tables  show  the  following  changes  iu  the  blood : — 

1.  The  red  cells  during  the  first  three  days  of  the  nephritis  fall 
to  an  average  figure  of  86  per  cent.,  gradually  rising  again  during 
tlie  next  ten  days  to  the  normal  percentage. 

2.  The  white  blood  corpuscles  show  a  marked  increase  during  the 
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first  three  days  to  an  average  figure  of  143  per  cent.,  falling  during  the 
fourth  to  the  sixth  day  to  121  per  cent.,  and  by  the  twelfth  day  they 
have  practically  reached  the  normal  number.  The  increase  in  the 
leucocytes  is  accompanied  by  a  rise  in  the  number  of  polymorphs,  as 
seen  by  the  differential  counts.  In  the  dog  experiment  the  resolution 
of  the  nephritis  was  accompanied  by  a  marked  increase  in  the 
eosinophiles. 

These  I'esults  accord  with  the  common  statement  (Bezaneon  and 
Labbu  -)  that  there  is  generally  a  fall  in  the  number  of  the  red  cells, 
with  an  increase  in  the  leucocytes  on  the  onset  of  nephritis. 

The  leucocytosis  of  nephritis  seems  to  be  fairly  constant  even 
though  associated  with  other  pathological  conditions.  Gulland 
(1901^)  has  pointed  out  that  in  several  cases  of  pernicious  ana?mia 
the  onset  of  nephritis  was  accompanied  by  a  leucocytosis,  while  a 
pneumonia  occurring  in  such  cases  does  not  usually  produce  any 
leucocytosis. 

In  scarlet  fever  Bowie  (1902'')  has  shown  that  the  onset  of 
nephritis  is  accompanied,  or  even  preceded,  by  a  distinct  increase  in 
the  white  cells. 

Cabot  (1904^)  says  there  is  a  slight  diminution  of  the  red  cells 
in  acute  nephritis,  but  a  leucocytosis  is  only  present  when  there  is 
some  complication,  such  as  ur;emia  or  loss  of  blood  by  the  kindney. 

Clinical  Observations  on  Nephkitis. 


Case  1. — Aciife  Farenchi/jnaiouK  A^ejiliri/is 
URINE. 


Daily  Urine 
in  c.c. 

Specific  Gravity. 

Reaction. 

Protein. 

Febniarv  f>    . 
r,      '    >>     ■ 

8    '. 

275  c.c. 
1230    ,, 
1300    ,, 
1360    „ 

1017 
1016 
1015 
1013 

Acid. 

7     per  cent. 

6-5 

7 

«           » 

NITROGEN. 

Total  Nitrogen  in 
Grms.  per  IJicm. 

Urea  Nitrogen  in 
Grnis.  per  Diem. 

Ammonia  in           Croatinin  in 
Grms.  jwr  Diem.    Gruis.  per  Diem. 

February  5    . 

6  . 

7  ■ 

8  . 

1-56 
7-6.1 
4-81 
4-0 

1-35 
5-8 
4  03 
3  06 

0-084                       0-3 
0-270                       10 
0-416                       0-74 
0-340                         094 

iVo(c.— The  diet  in  ca.ses  1  and  2  wa.s  similar— milk  an<l  milk  foods.     In  case  3  l!. 
patient  was  on  convalescent  diet — fish,  fowl,  etc. 
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Case  2. — Subacute  Pareni'hyniafous  NephrUis. 
URINE. 


Daily  Urine 
in  c.c. 

Specific  Gravity. 

Reaction. 

Protein. 

February  5    . 
„        S    . 

900  c.c. 
1440    „ 
2520    ,, 
2350    „ 

1022 
lOlfi 
1013 
1014 

Acid. 

O'l    percent. 

0-05 

0-05 

0-05 

NITROGEN. 

Total  Nitrogen  in 
Grms.  per  Diem. 

Urea  Nitrogen  in 
Grms.  per  Diem. 

Ammonia  in 
Grms.  per  Diem. 

Creatinin  in 
Grms.  per  Diem. 

February  ^>    . 
,,        (i    . 

W        8    '. 

10-26 
8-8 

10-5 
S-4 

8-73 
8-00 
8-10 
7-40 

0-45 
0-32 
0-2 
0-8 

0-9 
1-4 
1-5 
1-6 

Case  3. — Chronic  Inierstitial  Nephritis. 
URINE. 


Daily  Urine 
in  c.c. 

Specific-  Gravity. 

Reaction. 

Protein. 

November  15 
16 

17 
IS 

1740  c.c. 
1420    ,, 
1820    „ 
1200    „ 

1015 
1020 
1018 
10-22 

Acid. 

0-018  per  cent. 

0-016 

0-05 

0-074 

NITROGEN. 

Total  Nitrogen  in 
Grms.  per  Diem. 

Urea  Nitrogen  in 
Grms.  per  Diem. 

Ammonia  in 
Grms.  per  Diem. 

Creatinin  in 
Grms.  per  Diem. 

November  15 

17 
18 

10-3 
15 
16'S 
13-4 

9 -5 
12-0 
15-4 
12-4 

0-278 
0-36 
0-56 
0-48 

0-93 
1-4 
1-2 
1-62 

SEPARATION  OF  PROTEINS. 

Total 
Protein. 

Serum              Per 
Alliumin.          Cent. 

Serum            Per 
Globulin.    ;    Cent 

1 

November  15 
16 
17 
„         18           . 

0-018  i>cr  cent. 

0-016 

0-05 

0-074        ,, 

0-01                     55 
001                     63 
0-035                  66 
0-05                     66 

0  008               45 
0-006              37 
0-015               34 
0  021               34 
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The  results  of  my  experiments  are  not  in  acconlaiice  with  the 
latter  part  of  this  observation. 

In  my  experiment,  No.  2,  there  was  a  great  rise  in  the 
eosinophiles  as  the  albuminuria  passed  off.  This  change  has  been 
recorded  by  Pieraccini  (1901^);  he  states  that  in  the  early  acute 
stages  the  eosinophiles  may  be  greatly  reduced,  but  as  the  case 
resolves  thej^  reappear  and  may  l)e  in  great  excess.  This  has  also 
been  noted  by  Lesson  (1900  "). 


Comparison  of  Cases. 
Tofal  Nifrofien. 


Case  1. 

Case  2. 

Case  3. 

Gims.  per  Diem. 

4-81 
4 

Grms.  per  Diem. 
10-2 

8-8 
10 

8'4 

Grms.  per  Diem. 
10-3 
15 
16-8 
13-8 

Aver.  .  4-5 

9-3 

13-8 

Taking  the  daily  excretion,  we  tind  there  is  a  great  variation 
from  day  to  day. 

This  is  most  noticeable  in  tlie  case  of  acute  parenchymatous 
nephritis,  whereas  in  the  case  of  subacute  nephritis  the  daily  amount 
shows  comparatively  slight  alterations. 

The  amount  excreted  in  all  three  eases  is  reduced  138,  9'3,  and 
4"5  grms.  per  diem. 

The  kidney  lesions  in  the  case  of  acute  parenchymatous  nephritis 
cause  a  marked  reduction  of  the  excretion  of  nitrogen,  the  amount 
rising  as  the  i)athological  changes  pass  otl".  In  the  case  of  the  chronic 
interstitial  form  the  reduction  is  slight. 


Niiroijen 


(crcteil  in  tlic  Form  of  Ammonia,  expressed  as  Percentage  of  the 
Total  Nitrogen. 


Case  1. 

Case  2. 

Case  3. 

5-4  per  cent. 

3-5 

8-4 

8-4        „ 

4 '2  per  cent. 

4-8 

20 

20 

2  •"  per  cent. 
2'7         ,, 
3-5 
3-5 

The    nitrogen    excreted    in    tlie   form   of  ammonia  is  remarkably 
high  in  the  acute    pareuchynuitous  type  (as  higli  as   8"4  per  cent.), 
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while  in   the  subacute  case   the   liighest   is   4'8   per  cent.,  and   in  tlje 
insterstitial  case  only  3 "5  per  cent. 

Creatinin. — Creatinin   is   excreted    in    a    fairly  steady  amount   in 
Case  2  and  Case  3,  and  is  only  slightly  altered  in  Case  1. 


Summary  of  Eesults  ix  three  Clinical  Cases. 

1.  Total  Nitrcfjcn 

In  the  case  of  acute  parenchymatous  nephritis  there  was  a  marked 
reduction  and  irregular  excretion,  whereas  in  the  subacute  case  the 
amount  rises  and  is  more  regular.  In  the  interstitial  form  the  total 
nitrogen  in  not  much  below  normal. 

2.  Urea  Kitro(jcn. 

The  urea  nitrogen  follows  the  same  course  as  the  total  nitrogen. 

3.  Ammonia  Nitrogen. 
In  the  case  of  acute  parenchymatous  nephritis  the  percentage  of 
nitrogen  excreted  as  ammonia  is  comparatively  high. 

4.   Creatinin. 

The  creatinin  excretion  is  only  slightly  interfered  with  in  acute 
parenchymatous  nephritis,  and  in  the  other  two  cases  the  excretion 

is  fairly  regular  and  high. 

Summary  of  Chief  Eesults. 

1.  In  acute  experimental  nephritis,  caused  by  potassium  chromate, 
in  rabbits,  there  is  a  diminution  in  the  quantity  of  the  urine  excreted 
to  the  extent  of  nearly  50  per  cent,  on  the  first  two  days.  After 
this  the  quantity  gradually  returns  to  normal. 

2.  The  daily  output  of  albumin  is  small  on  the  first  day  of  the 
induced  nephritis.  It  rises  to  a  maximum  on  the  second  day,  after 
which  it  gradually  disappears.  The  quantity  of  urine  varies  in 
inverse  ratio  with  tlie  output  of  albumin. 

3.  In  three  experiments  tlie  proteins  were  separated.  Serum 
alljumin  ami  serum  globulin  were  always  found  to  be  present. 
Serum  alluunin  was  always  higher  in  the  percentage  of  the  total 
protein.  In  tin'  case  of  a  high  albuminuria  serum  globulin  was 
]>resent  in  greater  proportions  than  in  a  low  one,  but  the  ratio  is  not 
constant. 

4.  During  experimental  nephritis  in  a  dog,  the  total  nitrogen  was 
reduced  by  20  per  cent.,  the  chlorides  by  50  per  cent.,  while  the 
creatinin  was  slightly  reduced.  The  jihosphates  showed  jiractically 
no  alteration. 
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5.   In  three  contrasted  cases  of  nephritis    iu    the   human  subject 
the  results  were  as  follow : — 


Acute 

Parenchymatous 

Nephritis. 

Subacute                Interstitial 
Parenchymatous          Nephritis, 
Nephritis.        i        Chronic. 

1. 

2. 
3. 

Total  nitrogen     .     . 

Ammonia    jier   cent. 

of  total  nitrogen     . 

Creatiniu   .... 

Reduced,  witli  great 
daily  variations. 

High,      ^^^th     daily 

variations. 
.Slightly  reduced. 

Reduced  and 
practically  con- 
stant. 

Low. 

Slightly  reduced. 

Sliglitlyreduced, 
with  trivial 
variations. 

Low. 

Practically    nor- 
mal. 

The  urea  nitrogen  follows  the  total  nitrogen  in  each  case. 

G.  In  seven  rabbits  and  a  dog — (1)  th.e  red  blood  corpuscles  showed 
an  average  fall  of  14  per  cent,  on  the  onset  of  the  nephritis,  and 
gradually  rose  again  to  normal ;  (2)  the  wliite  blood  corpuscles  rose 
to  the  extent  of  43  per  cent.,  gradually  returning  to  the  normal  as 
the  aHiumin  disappeared.  The  curve  of  the  white  blood  corpuscles 
followed  the  curve  of  the  protein  in  the  urine.  Tlie  diflerential  counts 
showed  an  increase  in  the  polymorphs,  and  these  sliowed  a  return  to 
normal  pari  passu  as  the  nephritis  subsided. 

7.  The  histological  changes  in  the  organs,  induced  by  ]iotassium 
chromate,  in  the  rabbit  were  acute  nephritis,  cliieHy  affecting  the 
tubules  and,  to  a  sUghtly  less  e.xtent,  the  glomeruli ;  a  remarkable 
congestion  and  phagocytosis  of  red  lilood  corpuscles  in  the  spleen ; 
slight  pigmentary  changes  in  tlie  liver,  and  a  marked  leucoVilastic 
liyi)erplasia  in  the  bone  marrow,  followed  by  degeneration.  Tliese 
changes  were  remai-kably  constant,  and  the  descrijition  in  one  case 
might  equally  apply  to  any  of  tlie  others. 
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THE   CLINICAL   VALUE    OP   THE   PANCREATIC 
REACTION   IN   THE   URINE,   BASED    ON 

OVER  250   ANALYSES. 
By    CHALMERS    WATSON,    M.D.,   F.E.C.P.E., 

ASSISTANT  PHYSICIAN,  HOYAL  INFIEMAHY,   EDINECBGH. 


In  recent  years  the  clinical  researches  of  Mayo  Eobson 
and  other  observers  hive  directed  attention  to  the  com- 
parative frequency  of  serloos  organic  disease  of  the 
pancreas  and  to  the  various  clinical  tests  which  assist  In 
Its  recognition.  More  particularly,  attention  has  been 
directed  to  the  value  of  the  pancreatic  reaction  In  the 
urine,  a  test  devised  by  Cammldge,  which  has  proved  In 
Mayo  Robson's  experience  of  great  value  In  diagnosis. 
This  test,  first  described  by  Cammldge  in  1904,  has  been 
elaborated  and  Improved,  and  In  1908  Is  again  advanced 
by  its  originator  as  a  valuable  diagnostic  method,  after  an 
experience  of  800  analyses. 

My  Interest  in  this  subject  was  aroused  in  the  course  of 
the  autumn  oi  iast  year  through  the  admission  to  Sir 
Thomas  Fraser's  wards,  then  under  my  care,  of  a  case  of 
chroDlo  pancreatitln,  in  which  this  dlagnoEls  had  pre- 
vioufly  been  established  by  operation.  The  object  of  the 
present  paper  is  to  present  a  brief  enmmary  of  results  I 
have  obtained  in  a  series  of  over  260  analyses  from  120 
consecutive  casea.  The  test  employed  was  the  "Improved 
method  "  as  described  In  Mayo  Robson's  and  Cammldge's 
recently  published  work  on  Diseases  of  the  Pancreas,  I 
have  empirically  divided  the  positive  results  obtained 
Into  three  groups : 

(a)  Pronounced. — Those  In  which  the  end  reaction  showed 
a  pronounced  deposit  of  the  orjBtals  of  characteristic  appear- 
ance and  eolabiUty,  the  deposit  langlng  from  about  \  In.  to  ^  In. 
In  an  ordinary  test  tube. 

(&)  ilf arfc«d.— Those  In  which  the  deposit  was  much  less  In 
amount,  but  still  considerable. 

[i;i;/osj 
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(c)  Slight — Those  in  which  there  was  either  a  slight  deposit 
on  naked-eye  examination  or  In  which  there  was  no  naked-eye 
deposit,  the  presence  of  crystals  only  being  determined  on 
microscopic  examination. 

Note.— At  the  outset  of  my  observations  I  experienced  some 
di£BcaIty  with  the  test  and  failed  to  get  any  reaction.  This 
fallare  may  have  been  due  to  faulty  chemicals  employed.  At 
a  later  date  Dr.  Cammldge  kindly  demonstrated  to  me  the 
end  reaction,  and  subsequently  I  have  experienced  no  special 
difficulty  with  the  test.  The  present  series  of  analyses  was 
carried  out  by  a  trained  assistant  in  the  laboratory  of  the 
Koyal  College  of  Physicians,  the  end  reaction  being  deter- 
mined by  myeelf,  a  microscopic  examination  being  made  in 
every  Instance. 

Pronounced  Ebaoiion. 


Clinical  Diagnosis. 


1.  Chronic  pancreatitis.. 

2.  Acute  pancreatitis    .. 


Acute  suppurative 
appendicitis  and 
peritonitis 

Malaria  (aestivo- 

autumnaJ) 


5.  Pneumonia 


6.  Chronic       bronchitis, 

arterio    -    sclerosis, 
and  myocarditis 

7.  Alimentary  glycosuria 

and  constipation 


11.  Pregnancy,      seventh 

moutti 

12.  Mitral   stenosis   (pro- 

nounced) 


Pronounced  reaction  during  acute  attaclcs, 
on  two  occasions  negative  in  interval. 

Operation  :  Incision  and  drainage  ;  cliole- 
cystenterostomy  (Mr.  Caird).  Keaciion 
gradually  became  less  marked  and  was 
negative  when  patient  was  discharged 
cured. 

Died.  Pancreas  sliowed  tlie  naked  eye  and 
microscopic  appearances  of  acute  pan- 
creatitis. 

Jaundice  with  pronounced  epigastric 
tenderness.  Reaction  became  negative 
coincidently  with  recovery  from  jaundice 
and  epigastric  tenderness. 

Died,  pronounced  reaction  three  days 
before  deatli ;  reaction  negative  on  day 
of  death.  Pronounced  arterial  sclerosis. 
No  posl-mortcm  examination. 

Pronounced  reaction  on  tlirce  occasions. 
Man,  aged  48.    Incapacitated  from  work. 

Marked  diminution  In  the  degree  of  re- 
action coincidently  with  use  ol  restricted 
diet  and  aperients. 

ProDounceu  reaction  associated  wllh  gly- 
cosuria. Extensive  malignant  dlsea^e 
was  revealed  at  Uie  operation. 

Reaction  negative  on  two  occasions  in 
December,  1907  ;  slight  positive  rCM'tion 
on  day  before  operation  (January  lOtli), 
i-eaction  became  very  marked  and  patient 
died  ou  fourteenth  day.  Pancreas  showed 
the  naked  e>e  and  microscopic  appear- 
ances ot  recent  intlamniation. 

Palpable  tumour  in  region  of  pancreas. 
Pronounced  pancreatic  reaction  with 
trace  of  glvcusuria :  at  tlie  operation 
Professor  cliieue  found  marked  clirunic 
pancreatitis. 

Pronounced  reaction  associated  with  gly- 
cosuria (patient  not  seen  by  the  author) 

Reaction  negative  on  admission.  A  pro- 
nounced pancreaiic  reaction  developed 
coincidentally  with  tiio  occurrence  ol 
jaundice,  epigastric  tcnderooss.  and 
general  increase  in  severity  of  the  sym- 
ptoms, oicd.  At  the  poflmorlcm  ex- 
amination there  was  intcufe  catarrh  uf 
duodenum,  witli  mucopurulent  blockinK 
ol  tlio  ampulla  of  Vater  and  recent  tu- 
tlammatory  cliauges  in  the  pancreas. 


MODERiTE    KkACTION. 


Clinical  Diagnosis. 


13.  Chronic  pancreatitis.. 

14.  Uraemia 


15.  Colitis 

16.  Uraemia  . 


18.  Acute  gout 


19.  Tuberculous  intestine 

Phthisis 

20.  Chronic     pancreatitis 

secondary    to    duo- 
denal ulcer 

21.  Constipation     


22.  Chronic  ncplirltis,  al- 

coholism 

23.  Cerebral  haemorrhage 

Aphasia 

24.  Exophthalmic  goitre. 


25.  Exophthalmic  goitre. 


26.  Gastric  ulcer 


Chronic  pancreatitis.. 


Probably  a  primary  infective  Inflamma- 
tion unassociatetl  with  gall  stones.  Sym- 
ptoms of  ten  years'  duration. 

l>ied.  At  the  post-moricm  examination  the 
terminal  portion  of  the  common  bile 
duct  was  markedly  bile  stained  through- 
out its  course. 

Associated  with  pale  stools  of  some  years' 
duration. 

Recovery.  Reaction  negative  on  discharge 
from  hospital. 

Reaction  negative  in  December,  positive  in 
January,  before  operation  ;  Increased  in 
degi'ee  after  operation,  and  finally  dis- 
appeared on  recovery. 

The  admin  istraiiou  of  I  grain  of  calomel 
at  night  for  some  days  was  followed  by  a 
copious  discharge  of  apparently  unaltered 
bile. 

Died. 

Reaction  negative  in  December,  positive 
in  January,  and  associated  with  glycos- 
uria, followed  by  melaena  and  exacerba- 
tion of  symptoms. 

symptoms  ot  siiyears'duration,  ill -defined 
tumour  in  region  of  hepatic  flexure.  Re- 
action became  negative  after  eight  days' 
close  attention  to  the  bowels  (eight 
enematA  of  warm  oil.  followed  by  soap 
and.water,  with,  internally,  castor  oil, etc.). 

Patient  not  personally  seen. 

Pronounced  arterial  disease.  History  of 
two  pievious  cerebral  haemorruages. 

Died  Id  February,  1908.  In  December,  1907, 
it  was  observed  that  there  was  a  notable, 
though  temporary,  improvement  in 
patient's  condition  colncidently  with 
the  administraiion  of  pancreatic  emul- 
sion. 

Died.  Pancreas  showed  chronic  inter- 
stitial inflammation,  with  areas  of  small- 
celled  inliltration 

One  examination  made  a  few  days  before 
discharge  from  medical  ward. 

Four  analyses  made  after  operation, 
reaction  positive  with  distinct  elycos- 
uria. 

Woman,  aged  63.  Abdominal  pains  eight 
months'  duration  Marked  pancreatic 
reaction  with  considerable  glycosuria. 
May  be  secondary  to  malignant  disease. 


Slight  Kbaction. 

Other  18  cases  gave  a  slight  teactlon.  In  6  of  these 
cases  there  was  no  trace  oi  deposit  visible  to  the  aualded 
eye,  the  reaction  being  determined  by  microscopic  exami- 
nation only.  This  groap  inclndes  caees  of  broncho- 
pneumonia, appendicitis,  myelogenous  leukaemia,  malig- 
nant disease  of  the  liver,  cardiac  disease,  chronic  nephritis, 
chronic  bronchitis,  arterial  sclerosis,  chronic  intestinal 
obstruction  due  to  new  growth,  simple  catarrhal  jaundice, 
and  a  fatal  case  of  lymphosarcoma.  In  the  last  mentioned 
the  leaction  was  negative  on  repeated  examination  after 


To  the  Psoi'ic  Acari  belong  two  groups,  namely,  Sarcoptulre  and  DomodeciiliV. 
'  Received  November  16,  1910. 

23 .1L.  OF  TATll. — VOL.  .\V. 


the  patient's  admission  to  hospital,  bnt  the  reaction  was 
positive  on  tivo  occasions  daring  the  last  week  of  life. 

Negative  Results. 
A  negative  reaction,  In  many  Instances  after  repeated 
examination,   was    given    in    75    cases.     They  incladed 
cases  of 

jaundice  dae  to  calculus  In  the  common  bile  dact  (the  calcal! 
being  pasted  per  anam),  jaandlce  due  to  malignant  disease, 
gastric  alcer,  duodenal  nicer,  Indigestion  and  constipation, 
malignant  disease  of  stomach,  abdominal  aneurysm,  malaria 
(aestlvo-antumnal),  cancer  of  the  uterus,  rectal  carcinoma, 
various  diseases  of  heart,  lungs,  kidneys,  and  bladder,  and  a 
fatal  case  of  anaemia  and  thrombosis. 

The  last  mentioned  Is  of  spsclal  Interest.  Daring  the  last 
few  days  of  life  the  tymptoms,  fever,  collapse,  abdominal 
pains,  etc.,  closely  simulated  acute  Intra-abdominal  Inflamma- 
tion, and  the  reaction  of  the  urine  was  negative  on  two  exa- 
minations. At  tbe  poat-morUm  cxsminstlon  the  pancreas 
appeared  perfeotly  healthy,  and  on  microscopic  examination 
of  different  parts  of  the  gland  an  unusually  good  picture  of  a 
perfectly  normal  gland  was  foand. 

Comments. 

It  is  of  interest  to  refer  in  greater  detail  to  some  of  the 
data  which  appear  to  warrant  tbe  conclaslou  that  this 
reaction  In  the  nrlne  has  a  special  relation  to  pancreatic 
disease.  These  data  are  famished  both  from  the  clinlcaJ 
and  pathological  standpoint.  For  clinical  facta  reference 
may  be  made  to  the  foUotving  cases : 

Case  2,  acute  pancreatitis,  successfully  operated  on  by 
Mr.  Caltd,  In  which  ten  analyses  were  made,  the  reaction 
becoming  less  pronounced,  aud  finally  being  negative  on  tbe 
patient's  discharge  from  hospital  cured. 

Cases  4,  8, 12,  and  21,  recently  under  treatment  In  Sir  Thomas 
Eraser's  wards,  are  also  noteworthy.  Case  4  Is  specially 
interesting  since  there  was  a  useful  coatrol.  Two  seamen  were 
admitted  to  the  wards  on  tbe  same  day  suffering  from  well- 
marked  malaria  of  malignant  type.  One  of  these  (Uaee  4)  was 
distinctly  jaundiced  ;  there  was  marked  tenderness  on  pressure 
In  tbe  epigastric  region,  and  tbe  urine  gave  a  pronounced 
pancreatic  reaction,  whluti  btcame  nagatWe  coincldently  with 
the  disappearance  of  tbti  jaundice  aud  the  tendernebs  on 
pressure  in  the  epigasirio  rugion.  the  other  sailor  was  not 
jaundiced,  the  epigastric  region  was  free  from  tenderness  on 
deep  pressure,  and  the  pancreatic  reaction  was  Invariably 
negative  (lour  analyses). 

Case  8  Is  inetructire,  since  the  pancreatitis  was  associated 
with,  and  apparently  a  sequel  of,  duodenal  ulcer,  and  was 
further  complicated  by  glycosuria,  doubtless  of  pancreatic 
origin.  As  already  Indloated,  It  was  found  at  the  operation  by 
Mr.  Catrd  that  tbe  pancreatitis  was  secondary  to  malignant 
disease. 

Case  12  illustrates  another  polct,  namely,  the  development 
of  the  reaction  In  consequence  of  the  congestion  and  catarrh, 
probably  of  Infective  origin,  that  may  be  present  In  advanced 
cardiac  disease.  In  this  patient  the  reaction  was  negative  on 
admission,  later  the  reaction  was  positive  though  slight,  a 
pronounced  reaction  developing  coincldently  with  the  oooui- 
rence  of  jaundice,  epigastric  tendcrnesH,  and  a  general  Increase 


In  the  severity  of  the  symptoms.  At  tbe post-mortem  oxarai- 
oation  the  duodenum  ehowed  Intense  catarrh,  the  ampnlla  of 
Vatet  was  distended  with  maco-pns  and  tbe  pancreas  ehowed 
considerable  swelling  and  detacnment  of  the  secreting  cells 
with  much  oedema  of  the  Interstitial  tiesne. 

Caee  21  appears  to  show  that  the  pancreatic  reaction  In 
tbe  nrlue  may  reeult  from  a  disturbance  of  the  function 
of  the  pancreas  from  pressure  of  a  faecal  maes. 

In  this  patient  there  was  an  ill-de&ned  tamonr  In  the  region 
of  the  hepatic  flexure,  tbe  subjective  symptoms  being  abdo- 
minal patns  end  general  weakness  of  some  years'  daration. 
The  pancreatic  reaction  in  the  urine  became  negative  coinci- 
dently  with  the  relief  from  the  constipation  and  general 
improvement  in  the  patient's  condition. 

Cases  9  and  10  have  special  Interest  from  the  surgical 
point  of  vietr. 

In  Case  9,  a  female  patient,  deeply  jaundiced,  the  reaction 
was  negative  on  two  occasions  in  December,  a  slight  positive 
reaction  was  obtained  on  January  10th,  the  day  before  opera- 
tion, the  operation  revealing  several  calculi  Impacted  low 
down  in  tbe  common  bile  duct  with  extensive  adhesions 
around.  The  reaction  became  very  pronounced,  and  the 
patient  died  on  tbe  fourteenth  day,  the  pancreas  showing 
the  naked  eye  and  microscopic  appearances  of  recent  inflam- 
mation. The  hititory  of  this  case  suggests  that  the  chances 
of  the  patient's  recovery  were  lessened  from  the  fact  that  in 
the  few  weeks  prior  to  operation  the  Inflammation  round  the 
bile  duct  had  extended  and  Involved  the  pancreas. 

Cask  10.— This  patient  had  a  well-defined  tumour  in  the 
epigastric  region,  with  a  pronounced  pancreatic  reaction  in  the 
nrlne,  and  slight  glycosuria.  At  the  operation  Professor 
Chlene  found  that  tne  tumour  was  an  enlarged  and  Indurated 
pancreas. 

Before  leaving  these  cases  It  Is  of  Interest  to  note  that  I 
have  recorded  In  the  above  serits  no  fewer  than  5  cases  of 
chronic  pancreatic  disease,  which  exhibited  a  marked 
pancreatic  reaction,  with  associated  glycosuria.  Some 
details  of  two  of  these  are  given  above  (Cases  8  and  10). 
The  others  are  Case  27,  In  which  the  poit-mortem  findings 
confirmed  the  diagnosis  of  chronic  pancreatic  disease ; 
Case  26,  a  patient  under  t,he  care  of  Professor  Greenfield, 
regarded  as  pancreatitis  secondary  to  duodenal  ulcer;  and 
Case  20,  In  Sir  Thomas  Fraser's  wards.  In  which  the  pan- 
creatitis may  be  secondary  to  malignant  disease  of  tbe 
gland,  In  this  connexion  It  is  of  Interest  to  note  that  In 
65  consecutive  cases  of  chronic  pancreatitis  operated  on 
by  Mayo  Robson,  glycosuria  was  detected  in  4  cases  only. 

From  the  pathological  point  of  view,  the  tacts  so  far 
obtained  in  the  post  mortem  room  confirm  the  conclusion 
arrived  at  from  the  clinical  data  as  to  the  relationship  of 
the  pancreatic  reaction  to  disease  of  the  pancreas.  In  one 
patient,  a  case  of  chlorosis  with  widespread  thrombosis, 
dying  with  a  high  temperature  and  symptoms  resembling 
acute  Intra-abdominal  Inflammation,  the  reaction  was 
negative  on  repeated  examination,  and  the  naked-eye  and 
microscopic  appearances  of  the  pancreas  were  In  all 
respects  normal ;  whereas  In  7  cases  which  gave  a  marked 
positive  reaction,  definite  Inflammatory  or  degenerative 
changes  were  present  In  the  gland. 
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General  Conclusions. 
My  results  confirm  the  conclusion  arrived  at  by  Mayo 
Bobson  and  Oatnmldge,  that  there  Is  a  definite  and 
Important  relationship  between  the  pancreatic  reaction  in 
the  urine  and  disease  o(  the  pancreas.  My  results  differ 
from  those  of  Cammidge  In  so  far  that  I  have  recorded  a 
higher  percentage  of  positive  results  In  cases  similar  to 
those  that  may  have  been  included  in  that  author's  list  of 
control  cases.  Cammidge  fouad  In  a  group  of  cases 
described  as  miscellaneous — other  than  those  having  a 
direct  surgical  Interest  in  relation  to  dieease  of  bile  ducts 
and  pancreas— that  4  only  out  of  92  gave  a  positive  reac- 
tion. The  higher  percentage  of  positive  results  recorded  in 
my  series  may  possibly  be  due  to  the  fact  that  I  made  me 
of  many  serious  medical  cases  of  a  nature  commonly 
associated  with  advanced  arterial  disease,  and  chronic 
catarrhal  conditions  in  the  intestinal  tract,  conditions 
that  are  frequently  attended  with  degenerative  or  inflam- 
matory changes  in  the  pancreas  and  other  glands.  My 
results  lead  me  to  divide  the  cases  In  which  the  pan- 
creatic reaction  was  present  in  my  series  into  the  following 
groups : 

1.  A  group  in  which  there  was  definite  clinical  or 
pathological  evidence  of  serious  organic  disease  of  the 
pancreas — for  example,  acute  and  chronic  paacieatltis, 
usually  associated  with  disease  of  the  bile  ducts. 

2.  A  group  In  which  the  reaction  In  the  urine  Is 
associated  with  pronounced  arterial  sclerosis,  a  condition 
usually  accompanied  by  more  or  less  sclerosis  in  different 
glands. 

3.  A  group  In  which  the  reaction  is  dependent  on  con- 
gestion and  catarrhal  conditions  of  the  gland  ducts  and 
substance,  with  ass9Ciated  toxaemia  —  for  example, 
advanced  heart  disease,  appendicitis,  pneumonia,  malaria, 
and  the  like. 

This  division  Is,  It  is  hardly  necessary  to  add,  somewhat 
arbitrary,  as  most  cases  are  in  all  probability  ol  mixed 
origin.  If  these  facts  are  kept  in  view,  and  this  urinary 
reaction  la  carefully  studied  along  with  the  other  clinical 
features  of  a  case,  I  have  no  hesitation  in  saying  that  this 
new  test  will  prove  ol  great  value  both  to  physicians  and 
surgeons  in  the  diagnosis  and  treatment  of  pancreatic 
disease, 

I  have  much  pleasure  in  expressing  my  Indebtedness  to 
Sir  Thomas  Fraser  and  other  senior  colleagues  at  the 
Royal  Infirmary  for  the  facilities  afforded  mc  in  this 
Investigation. 
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Assistant  to  the  Professor  of  Clinical  Surgery 

Edinburgfi  University 

DURING  the  past  twenty  years  the  use 
of  oil  in  the  peritoneal  cavity  has  on 
several  occasions  been  recommended 
by  various  writers,  who  have  brought 
forward  different  indications  for  its  employ- 
ment. Thus  in  the  numerous  records  of  ex- 
periments carried  out  with  a  view  to  finding 
some  agent  which  would  prevent  the  formation 
of  post-operative  adhesions,  sterile  oil  is  almost 
invariably  mentioned  as  one  of  the  agents 
tried.  The  intraperitoneal  use  of  oil  has  also 
been  advocated  for  cases  of  peritonitis  with 
the  object  of  delaying  the  absorption  of  bac- 
teria from  the  peritoneal  cavity.  The  use  of 
this  agent  has  not,  however,  received  much 
favor  among  the  profession  generally,  prob- 
ably because  surgeons  are  loath  to  introduce 
into  the  peritoneal  cavity  any  foreign  substance 
concerning  the  fate  of  which  they  are  uncer- 
tain. Accordingly  one  must  first  ascertain 
whether  or  not  there  be  any  danger  associated 
with  the  introduction  of  oil  into  the  abdomen 
before  advocating  its  use  in  abdominal  surgery. 
The  dangers  which  suggest  themselves  are  oil 
embolism,  peritoneal  irritation  by  this  foreign 
substance,  and  sepsis.  With  regard  to  oil 
embolism  it  may  be  at  once  stated  that  no 
observer  has  ever  recorded  any  evidence  that 

*  From  the  Laboratory  of  the  Royal  College  of  Physicians,  Edinburgh. 
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it  does  occur,  at  any  rate  in  a  degree  sufticient 
to  .cause  harm.  Personally  in  some  thirty 
experiments  one  has  always  carefully  ex- 
amined post-mortem  for  any  evidence  of  this 
complication,  but  one  has  never  detected  any 
lesion  indicating  its  presence. 

Concerning  the  question  of  irritation  or 
infection  of  the  peritoneum  by  the  oil  different 
opinions  have  been  expressed.  Thus,  Stern  (i) 
found  considerable  inflammatory  reaction  in  the 
peritoneal  cavity  of  rabbits  after  the  introduc- 
tion of  presumably  sterile  olive  oil.  Blake  (2) 
on  the  other  hand  saw  no  evidence  of  peritoneal 
irritation  after  the  introduction  of  large  quan- 
tities of  sterile  oil  into  the  peritoneal  cavity  in 
cats.  The  difticulty  here  consists  in  the  fact 
that  in  order  to  sterilize  any  ordinary  oil,  such 
as  olive  oil,  one  must  expose  it  to  a  temperature 
which  causes  the  separation  of  some  free  fatty 
acid,  which  is  undoubtedly  irritative.  In 
the  first  series  of  experiments  the  wxiter  em- 
ployed the  purest  sterile  olive  oil,  but  found 
that  it  caused  considerable  peritoneal  irrita- 
tion. After  unsuccessfully  trying  to  obtain  a 
purely  animal  oil,  he,  at  the  suggestion  of  Mr. 
Alexander,  chemist  to  the  Edinburgh  Royal 
Infirmary,  tried  sterile  vaseline  oil,  and  after 
extensive  use  of  this  agent,  is  quite  satisfied 
that  it  is  the  best  for  the  purpose.  It  is  the 
oily  liquid  which  comes  to  the  surface  in  the 
preparation  of  vaseline,  it  is  really  a  liquid 
paraflin,  is  absolutely  neutral,  and  remains 
unchanged  after  prolonged  exposure  to  steam 
under  high  pressure.  One  can  confidently 
recommend  the  use  of  this  agent  in  the  peri- 


toneal  cavity  in  suitable  cases  as  being  abso- 
lutely free  from  danger. 

THE    USE    OF    STERILE    OIL    IN   THE    TREATMENT 
OF  PERITONEAL  ADHESIONS 

The  formation  of  adhesions  after  abdominal 
operations  is  a  subject  which  has  received  the 
attention  of  surgeons  ever  since  the  advent  of 
the  era  of  abdominal  surgery.  The  question 
of  the  prevention  of  such  adhesions  naturally 
has  been  studied  most  carefully,  and  very 
numerous  methods  have  been  devised  with 
this  purpose.  At  the  present  day  our  knowl- 
edge of  the  subject  stands  somewhat  as  follows : 
After  an  aseptic  abdominal  operation  carried 
out  without  undue  or  rough  handling  of  the 
viscera  adhesions  are  unlikely  to  occur.  Simple 
abrasion  of  the  peritoneal  surface  of  the  viscera 
without  infection  may,  but  seldom  does,  lead  to 
permanent  adhesions.  Infection  of  the  peri- 
toneal cavity  may  clear  up  and  leave  no 
permanent  adhesions.  Rough  handling  and 
abrasion  of  peritoneal  surfaces  in  infected 
cases  generally  lead  to  the  formation  of 
adhesions,  which  may  be  permanent.  In 
several  experiments  on  cats  the  writer  has 
found  that  serious  abrasions  of  considerable 
peritoneal  surfaces  may  in  some  cases  be  pro- 
duced without  the  subsequent  formation  of 
any  lasting  adhesions,  provided  no  infection 
of  the  peritoneum  is  permitted.  Even  where 
infection  was  lacking,  howev'er,  some  degree 
of  adhesion  of  the  denuded  surfaces  was  the 
rule. 

In    the   human   subject    idiosyncrasv   would 
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seem  to  play  a  large  part  in  determining  the 
formation  of  adhesions,  and  an  operation 
which  in  one  person  would  cause  very  little 
peritoneal  disturbance,  in  another  gives  rise 
to  extensive  adhesions,  the  treatment  of  which 
is  notoriously  unsatisfactory. 

After  an  ordinary  aseptic  abdominal  oper- 
ation, however,  there  is  little  justification  for  the 
routine  practice  of  introducing  some  foreign 
substance  such  as  oil  into  the  peritoneal  cavity 
with  a  view  to  preventing  adhesions.  More 
practical  interest  centers  in  the  question  regard- 
ing what  is  to  be  done  for  the  patient  who  pre- 
sents himself  for  treatment  with  symptoms 
referable  to  peritoneal  adhesions.  Laparotomy 
and  separation  of  the  adhesions  with  the  bury- 
ing of  raw  surfaces  as  far  as  that  is  possible, 
gi\es  as  a  rule  only  temporary  relief.  The 
introduction  of  foreign  substances  between 
the  rawed  surfaces  has  frequently  been  tried. 
Stern  experimented  with  sterile  vaseline,  olive 
oil,  and  collodion,  but  found  none  of  them  to 
be  of  real  value.  Duschinsky  (3)  fried  the  in- 
sertion of  pieces  of  gold  beaters'  skin,  and 
Laucnstein  (4)  experimented  with  silk  protec- 
tive, but  neither  proved  to  be  of  practical  value. 
\'ogel  (5)  obtained  some  success  with  a  mucilage 
of  gum  arabic.  Busch  and  Bibergeil  (6)  in  an 
elaborate  research  tested  olive  oil,  gum  arabic, 
jjaraffin,  lanoline,  gelatine,  coragen,  agar,  and 
fibrolysin,  but  found  none  of  them  of  any 
great  value.  They  used  oil  in  only  one  ex- 
periment, however,  so  that  with  regard  to  it 
their  conclusions  do  not  carry  much  weight. 
More,  recently  Blake  has  recorded  in  this  jour- 
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nal  his  experience  in  the  use  of  oil  in  the  abdo- 
men, and  is  of  the  opinion  that  it  docs  tend  to 
prevent  the  formation  of  adhesions.  Gellhorn 
experimented  with  sterihzed  lanoline  and  found 
that  this  prevented  adhesions  to  some  extent. 

Numerous  writers  recommend  pouring  a 
saline  solution  into  the  abdomen  at  the  con- 
clusion of  an  operation  as  a  preventive  measure 
against  adhesions,  but  the  rapidity  of  absorp- 
tion of  this  tluid  makes  its  use  of  questionable 
value. 

Relative  to  this  part  of  the  subject  the  writer 
has  carried  out  six  experiments  on  cats  and 
rabbits.  The  procedure  was  as  follows:  The 
animal's  abdomen  was  opened  with  aseptic 
precaution,  the  surface  of  the  small  intestine 
over  about  sixteen  inches  of  its  length,  was 
scrubbed  with  dry  gauze  and  scraped  with 
a  knife  till  bleeding  points  appeared.  Six 
weeks  or  two  months  later  the  abdomens  of 
the  twelve  animals  so  treated  were  reopened 
and  in  all  adhesions  were  present,  though  they 
were  never  very  extensive.  These  adhesions 
were  broken  down  leaving  raw  surfaces.  In 
six  of  the  animals  oil  was  then  smeared  over 
the  rawed  surfaces  and  the  abdomen  closed. 
In  the  control  animals  the  adhesions  were 
broken  down  but  no  oil  used.  The  animals 
were  opened  again  four  weeks  later,  and  it 
was  found  that  in  those  in  which  oil  had  been 
used,  the  adhesions  were  very  much  fewer 
and  less  dense  than  in  the  controls.  At  the 
end  of  a  month  all  trace  of  oil  had  disappeared 
from  the  peritoneal  cavity.  One  has  found 
fifteen  days  to  be  the  longest  time  for  oil  to 
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remain  in  macroscopic  quantity  in  the  peri- 
toneal cavity  in  aseptic  cases. 

One  concluded,  therefore,  that  sterile  oil 
may  be  advantageously  used  for  mopping 
over  denuded  surfaces  in  operations  for  peri- 
toneal   adhesions. 

THE  USE  OF  OIL  IN  CASES  OF  ACUTE  PERITONITIS 
TO  DELAY  ABSORPTION  OF  BACTERIA 

An  enormous  capacity  for  absorption  has 
long  been  recognized  as  a  striking  character- 
istic of  the  peritoneum.  One  need  not  recapit- 
ulate the  results  of  the  work  done  in  this  con- 
nection, but  need  only  mention  that  as  the 
result  of  researches  by  Wcgner  (7),  Starling 
and  Tubby  (8),  Meltzer  (9),  Mendel  (10), 
Klapp  (11),  Orlow  (12),  Heidenhain  (13), 
Durham  (14),  McCallum  (15),  Buxton  and 
Torrey  (16),  and  Peiser  (17),  we  have  now 
fairly  accurate  knowledge  as  to  the  process  of 
absorption  from  the  normal  peritoneal  cavity. 
We  know  that  fluids  and  soluble  substances 
are  absorbed  in  great  part  by  the  blood  stream, 
whilst  solid  particles,  including  bacteria  and 
such  things  as  oil  globules  are  absorbed  by  the 
lymphatic.  We  know,  moreover,  that  the 
lymphatic  absorption  is  most  active  on  the 
under  surface  of  the  diaphragm  and  in  the 
omentum  and  is  very  sluggish  in  the  pelvis. 
Regarding  the  influence  of  peritonitis  on  the 
absorption  from  the  peritoneal  cavity,  widely 
diflferent  results  have  been  recorded  by  different 
observers.  Schnitzler  and  Ewald  (18)  found 
that  the  absorption  of  potassium  iodide  from 
the  peritoneal  cavity  was  delayed  in  peritonitis. 

6 


^Wtfeiw^jtijsJr 


■  -  -  <t'-t  -ff    -. 


Fig.  I.     Section  ')t  ralil'it-  liaphragm  seven  weeks  after 
injecting  oil  and  staphylococci  into  its  peritoneal  cavity.  • 
Note  oil  in  phrenic  lymphatics.     (Sudan  III.) 

Clairmont  and  Haberer  (19)  found  that  absorp- 
tion was  accelerated  by  peritonitis,  except  in 
the  very  late  stages  of  the  malady,  when  it  was 
slightly  retarded.  Glimm  (20)  in  an  elaborate 
research  found  that  absorption  of  lactose  was 
invariably  accelerated  during  peritonitis,  and 
his  results  appear  to  be  of  greatest  value.  We 
may  take  it,  therefore,  that  the  absorption  of 
fluids  and  of  soluble  substances  is  increased 
during  peritonitis. 

Peiser  (21)  investigated  the  absorption  of 
bacteria  from  the  peritoneal  ca\ity  into  the  blood 
stream  during  peritonitis.     He  found,  during 
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Fig.  2.  Acute  obstruction  due  to  recent  adhesions. 
Note  great  distention  of  stomach  and  jejunum  and  the 
collapsed  ileum  lying  to  the  right  of  stomach.  .-V,  position 
of  the  adhesion  causing  obstruction. 


the  first  few  hours  of  a  peritonitis,  great  num- 
bers of  bacteria  in  the  blood  stream,  but  during 
the  course  of  the  peritonitis  as  the  number  of 
bacteria  increased  in  the  peritoneal  elTusion, 
the  number  in  the  blood  stream  diminished, 
owing,  he  thought,  to  the  lymphatics  of  the 
diaphragm  becoming  mechanically  i)lugged 
by  bacteria.     The  fibrous  exudate  coating  the 


diaphragm  must,  however,  also  play  a  large 
part  in  retarding  the  absorption  of  bacteria. 
The  question  now  arises  as  to  which  is  the 
more  favorable  for  the  patient  suffering  from 
peritonitis,  rapid  or  slow  absorption}  Man\- 
writers,  most  prominent  among  whom  was 
Lennander  (22),  considered  that  absorption  of 
bacteria  into  the  blood  stream,  by  stimulating 
the  production  of  antibodies,  was  a  protective 
and  beneficial  occurrence.  More  recent  work, 
however,  has  shown  that  this  is  not  the  case, 
and  that  on  the  contrary  the  more  localized 
the  infection  can  be  kept  the  greater  the  chance 
for  the  patient.  Peiser  found  that  a  certain 
dose  of  B.  Coli.  could  be  injected  with  impunity 
into  the  peritoneal  cavity  of  a  rabbit.  The 
same  dose  could  be  injected  into  the  blood 
stream  of  a  rabbit  without  producing  death. 
If,  however,  one  half  of  this  dose  was  injected 
into  the  peritoneal  cavity,  and  an  hour  later 
the  other  half  was  injected  into  the  blood 
stream,  the  rabbit  died  within  a  few  hours  with 
all  the  signs  of  an  acute  peritonitis.  It  would 
appear  therefore,  that  as  Peiser  says,  "Re- 
covery from  peritonitis  depends  on  the  fight  be- 
tween the  bacteria  and  the  body  defenses  being 
confined  to  the  peritoneal  cavity." 

DOES    THE   INTR.^PERITONE.-\L    .ADMINISTRATION 

OF  OIL  RET.A.RD  BACTERIAL  ABSORPTION  IN 

PERITONITIS  ? 

Glimm  investigated  this  point  and  as  the 
result  of  his  experiments  concluded  that  the 
administration  of  oil  greatly  retarded  bac- 
terial absorption  and  favored  recovery  from 
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peritonitis.  He,  however,  injected  the  oil 
some  hours  before  inducing  the  peritonitis, 
and  as  Buxton  and  Torrey  (23)  have  shown, 
Ghmm's  good  resuUs  were  mainly  due  to  the 
reacti\'e  changes  set  up  in  the  peritoneum  by 
the  preliminary  introduction  of  the  oil.  The 
writer  carried  out  a  series  of  twelve  experiments 
to  test  the  value  of  oil  as  a  life  saving  agent 
when  it  is  given  at  the  same  time  as  or  shortly 
after  the  peritonitis  is  induced,  this  being 
obviously  the  question  of  most  practical  import. 

The  results  of  these  experiments  are  given 
in  tabular  form  below.  These  experiments 
were  carried  out  on  rabbits.  The  bacterium 
employed  was  staplylococcus  aureus,  the  latter 
because,  as  the  writer  has  elsewhere  shown, ' 
it  induces  in  rabbits  a  purulent  plastic  type 
of  peritonitis  closely  resembling  that  found 
in  the  human  subject. 

The  purest  sterile  clive  oil  was  employed, 
and  except  where  otherwise  noted,  it  was  in- 
jected immediately  before  the  introduction  of 
the  bacteria.  The  record  of  these  experiments 
is  given  in  tabular  form  (see  Table  i). 

From  these  experiments  it  is  clear  that  the 
presence  of  oil  in  the  peritoneal  cavity  of  a 
rabbit  with  a  generalized  peritonitis  with  no 
adhesions,  docs  not  have  any  noteworthy  bene- 
ficial action  as  regards  the  saving  of  life. 

At  the  same  time  the  results  in  experiments 
2  and  8,  seemed  to  indicate  that  the  oil  may 
have  some  influence  in  averting  early  death 
from  rapid  absorption,  and  in  localizing  the 
infection  to  the  peritoneal  cavity,  and  migiit 

*  Jour,  of  Path,  and  Bad.,  October,  1900. 
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possibly  be  used  with  advantage  in  e.  g.,  ful- 
minating cases  of  appendicitis. 

The  next  question  requiring  solution  is, 
Does  the  presence  of  oil  in  the  peritoneal  effusion 
interfere  in  any  way  with  the  cellular  reaction 
in  that  effusion,  and  does  it  in  non-fatal  cases 
delay  the  process  of  recovery?  By  making  tilms 
at  intervals  of  a  few  hours  from  the  peritoneal 
effusion  in  two  rabbits  with  peritonitis,  to  one 
of  which  oil  had  been  given,  one  was  able  to 
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note  the  cellular  changes.  It  was  found  that 
the  cellular  reaction  was  not  interfered  with 
by  the  oil  and  that  the  return  to  normal  was 
only  slightly  delayed.  There  were  one  or  two 
exceptions  however  (Expcr.  2,  8,  and  11)  where 
the  animals  got  over  the  initial  danger  but  then 
gradually  emaciated  and  in  which  at  the  end 
of  two  or  more  weeks  on  opening  the  abdomen, 
one  found  a  cake  of  "cream  cheese  like" 
material  which  on  examination  was  found  to 
consist  of  fibrin,  degenerated  leucocytes,  oil 
globules  and  bacteria.  One  cannot  therefore 
agree  with  Glimm  that  the  presence  of  oil  never 
impedes  but  rather  hastens  the  return  to  normal 
in  the  peritoneal  cavity.  That  the  oil  may, 
md  generally  does,  remain  for  long  periods  in 
the  phrenic  lymphatics  was  made  evident  by 
microscopic  sections  of  the  diaphragms  of 
rabbits  at  various  intervals  after  the  injection 
of  the  oil.  In  one  case  oil  globules  were  still 
present  in  the  phrenic  lymphatics  seven  weeks 
(see  Fig.  i)  in  another  ten  and  a  half  weeks 
after  the  intraperitoneal  injection. 

Cultures  were  made  from  the  heart  blood  of 
all  the  fatal  cases  in  the  above  experiments, 
and  it  was  interesting  to  tind  that  whereas  a 
growth  of  staphylococcus  was  obtained  on  five 
occasions  from  the  blood  of  the  control  animals 
which  got  no  oil,  on  only  one  occasion  was  a 
similar  growth  got  from  the  blood  of  the  ani- 
mals which  had  received  an  injection  of  oil.  As 
the  death  rate  among  the  latter  animals  was 
almost  as  high  as  among  the  former  ones,  this 
is  but  another  proof  that  the  fatal  issue  in  cases 
of  peritonitis  is  due  to  tox.Tmia  and  not  to  sep- 


ticaemia,  and  it  would  appear  to  upset  somewhat 
the  rationale  of  this  method  of  treatment. 

THE  USE  OF  OIL  TO  PREVENT  OBSTRUCTION  FROM 

RECENT  PLASTIC  ADHESIONS  IN  CASES  OF 

ACUTE    PERITONITIS 

In  many  fatal  cases  of  peritonitis,  more  es- 
pecially those  due  to  appendicitis,  a  common 
post-mortem  finding  is  great  distention  of  the 
small  intestine,  particularly  of  the  jejunum. 
This  is  generally  regarded  as  being  the  result 
of  a  toxic  paresis  of  the  bowel  and  that  thc 
to.xic  factor  plays  a  large  part  in  the  etiology 
of  such  cases  is  undoubted.  In  many  cases, 
however,  the  writer  is  convinced  that  a  definite 
obstructive  cause  is  present,  and  that  this  cause 
is  the  binding  together  by  recent  plastic  adhe- 
sions of  some  of  the  coils  of  small  intestine  and 
usually  of  the  coils  of  the  ileum  to  each  other, 
to  the  caecum,  or  to  some  abraded  area  of  the 
parietal  peritoneum.  At  the  upper  limit  of  the 
adhesion  some  difficulty  is  offered  to  onward 
peristalsis,  distention  of  the  immediately  proxi- 
mal loop  occurs  and  a  kink  forms. 

One  has  had  the  opportunity  during  the  past 
year  to  observe  the  course  of  five  such  cases. 
In  all  of  these  an  operation  was  performed  for 
peritonitis  following  appendicitis,  and  in  each 
case  the  patient  died  some  days  later  with 
vomiting  and  great  abdominal  distention.  At 
the  post-mortem  great  distention  of  the  jejunum 
and  upper  part  of  the  ileum  was  found,  whilst 
the  lower  coils  of  ileum  were  collapsed  and 
empty  and  between  these  two  segments,  some 
coils  of  ileum  were  found,  bound  by  recent 
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adhesions  to  each  other,  to  the  caecum  or  to  the 
pelvic  wall.  In  such  cases  were  the  disten- 
tion of  a  paralytic  nature  it  would  affect  the 
entire  small  intestine  and  not  only  the  upper 
part,  leaving  the  lower  part  collapsed,  ^lore- 
over  if  an  enterostomy  be  made,  in  a  distended 
loop  in  such  a  case,  sufficiently  early,  it  is  not 
uncommon  to  see  active  peristalsis  in  the  dis- 
tended bowel,  suggesting  a  distal  obstruction 
and  not  a  paresis  or  paralysis  of  the  entire  gut. 

That  a  recent  plastic  adhesion  is  sufficient 
to  cause  definite  intestinal  obstruction  one  has 
succeeded  in  proving  experimentally,  and 
though  the  peristaltic  power  of  the  normal  in- 
testine would  probably  overcome  such  an  ob- 
struction, that  of  a  bowel  weakened  by  tox- 
aemia is  frequently  inadequate.  A  minimum  of 
handling  of  inflamed  bowel  at  operations  for 
peritonitis  is  now  a  generally  recognized 
maxim,  but  when  such  handling  must  be  prac- 
ticed, as  it  sometimes  must,  the  mopping  of 
such  handled  surfaces  with  sterile  oil  in  order 
to  prevent  subsequent  adhesion,  is  a  procedure 
which  I  believe  is  more  than  justified  by  thi 
results  of  the  experiments  described  below. 

The  two  factors  which  one  wished  to  intro- 
duce into  these  experiments  were,  firstly, 
abrasion  of  the  peritoneum,  and  secondly,  bac- 
terial infection,  the  letter  being  of  a  mild  nature 
and  not  of  itself  sufficient  to  endanger  tin 
animal's  life.  The  procedure  was  as  follows; 
Under  ether  anaesthesia  the  abdomen  of  a 
rabbit  was  opened,  its  appendix  was  ampu- 
tated, and  the  stumj)  invaginated.  The  c;ccum 
and  some  inches  of  the  ileum  were  scrubbed 
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with  a  piece  of  dry,  sterile  gauze  to  produce  an 
abrasion  of  the  peritoneal  coat.  One  or  two 
loopfuls  of  an  emulsion  of  staphylococcus 
aureus  (from  one-fiftieth  to  one-twentieth  of 
the  lethal  intraperitoneal  dose)  were  then  in- 
troduced into  the  peritoneal  cavity  and  the 
abdomen  was  closed.  The  same  procedure 
was  carried  out  on  a  second  rabbit  with  this 
addition,  that  before  closing  the  abdomen  some 
sterile  vaseline  oil  was  poured  over  the  intes- 
tines. 

EXPERIUENT    I 

Rabbit  i.  Ether  anKsthesia,  abdomen  opened,  ap- 
pendix amputated,  cascum  and  12  inches  of  ileum 
scrubbed  with  dry  sterile  gauze.  One-fiftieth  of  lethal 
dose  of  staphylococcus  aureus  suspended  in  saline  in- 
jected into  the  abdomen,  wound  closed.  The  follow- 
ing day  the  animal  was  very  dull  and  would  not  eal 
and  it  was  found  dead  on  the  morning  of  the  second 
day  following  operation. 

Post-mortem.  Great  abdominal  distention.  On 
opening  the  abdomen  enormously  distended  coils  of 
jejunum  presented.  The  stomach  greatly  distended. 
Caecum  and  lower  part  of  ileum  collapsed  and  empty. 
On  tracing  the  distended  bowel  downwards  one  found 
that  it  had  adhered  to  the  cacum  at  one  point.  Here 
it  had  kinked  on  itself  and  led  to  complete  intestinal 
obstruction.  The  adhesion  was  quite  recent  and 
broke  down  with  the  slightest  traction.  There,  was 
little  free  fluid  in  the  abdomen  and  death  was  obviously 
due  to  obstruction  and  not  to  infective  peritonitis. 

Rabbit  2.  Ether  anaesthesia,  .\bdomen  opened, 
appendix  amputated.  Caecum  and  twelve  inches  of 
ileum  scrubbed  with  dry  gauze.  One-fiftieth  part  of  a 
lethal  dose  of  staphylococcus  aureus  suspended  in 
saline  injected  into  peritoneal  cavity.  Four  cc.  of  sterile 
vaseline  oil  poured  over  the  intestinal  coils,  abdomen 
closed.  The  animal  appeared  well  on  the  following 
day  and  made  a  perfect  recovery.  A  week  later  under 
ether  anaesthesia   the  abdomen  was  reopened.     Free 
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cattle,  Clogs,  etc.,  so  Irequently.     These  JNon-psoric  Acari  are  only  temporary 
parasites,  and  do  not,  as  a  rule,  produce  very  severe  symptoms. 

To  the  Psovic  Acari  helong  two  groups,  namely,  Sarcoptida"  and  Domodecid.T. 
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oil  was  still  visible  forming  a  thin  film  over  the  intes- 
tines and  there  were  no  adhesions,  abdomen  closed. 
Six  weeks  later  the  abdomen  was  opened  a  third  time. 
No  oil  could  now  be  seen  and  there  were  a  few  adhe- 
sions between  the  ileum  and  the  caecum. 


EXPERIMENT    2 

Rabbit  i.  Ether  anesthesia,  abdomen  opened,  appen- 
dix amputated,  stump  invaginated.  Cascum  scrubbed 
with  dry  gauze  till  peritoneal  coat  roughened.  Sixteen 
inches  of  the  ileum  similarly  treated.  One-twentieth 
part  of  a  lethal  intraperitoneal  dose  of  staphylococcus 
aureus  suspended  in  saline  injected  over  the  intestines; 
abdomen  closed.  The  rabbit  was  very  dull  and  would 
not  eat  on  the  following  day  and  it  died  44  hours  after 
operation  with  a  greatly  distended  abdomen. 

Post-mortem.  Great  tumidity  of  the  abdomen.  On 
opening  the  peritoneal  cavity  a  distended  stomach  and 
greatly  distended  coils  of  jejunum  presented.  Tracing 
the  distended  bowel  downwards  one  came  to  a  point 
where  the  small  intestine  had  adhered  to  the  caecum. 
Here  a  kink  was  found  to  have  occurred,  several  loops 
of  intestine  below  this  had  also  adhered  to  the  caecum, 
and  the  lower  part  of  the  ileum  was  collapsed  and 
empty.  The  large  intestine  was  more  or  less  collapsed. 
There  was  practically  no  free  fluid  in  the  abdomen  and 
but  a  mild  degree  of  peritoneal  inflammation.  Death 
was  obviously  due  to  obstruction.     (See  Fig.  2.) 

Rabbit  2.  Ether  anaisthesia ;  abdomen  opened ;  ap- 
pendix amputated,  stump  invaginated.  The  cecum 
and  sixteen  inches  of  small  intestine  scrubbed  with 
dry  gauze  and  then  one-twentieth  part  of  the  lethal  dose 
of  staphylococcus  aureus  in  saline  injected  over  the 
intestine.  Before  closing  the  abdomen  5  cc.  of  sterile 
vaseline  oil  was  poured  over  the  intestines. 

The  rabbit  never  appeared  ill  and  made  a  prompt 
and  complete  recovery.  Eighteen  days  later  its  abdo- 
men was  reopened.  There  were  numerous  adhesions 
of  recent  date.  (From  the  ease  with  which  they  were 
broken  down  probably  the  adhesions  were  of  not  more 
than  five  or  six  days'  duration.) 

No  trace  of  oil  in  the  abdominal  cavity.     Three 


other  similar  experiments  were  carried  out.  In  one 
of  these  both  rabbits  made  prompt  recoveries.  In  the 
other  two,  the  rabbits  which  got  no  oil  were  ill  for  two 
days,  but  recovered,  whilst  those  which  got  oil  never 
showed  any  signs  of  abdominal  trouble. 

Another  case  of  death  from  obstruction  due 
to  a  recent  adhesion  occurred  in  a  rabbit,  4  days 
after  infection  of  the  peritoneum,  without  the 
mechanical  abrasion  of  the  peritoneum  prac- 
ticed in  the  experiments  mentioned  above. 
From  these  results  two  facts  are  quite  clear: 
Firstly,  that  recent  plastic  adhesions  (even  of 
36  hours'  duration)  are  capable  of  causing  com- 
plete intestinal  obstruction,  and  secondly,  that 
the  use  of  sterile  oil  applied  over  abraded  peri- 
toneal surfaces  in  cases  of  abdominal  infections 
is  of  great  value  in  preventing  obstruction  from 
recent  adhesions. 

There  is  yet  another  question  which  still 
awaits  an  answer,  and  that  is,  whether  when 
definite  obstructive  symptoms  appear  after  an 
operation  for,  say  acute  appendicitis,  it  would 
be  advisable  to  freely  open  the  abdomen, 
break  down  the  adhesions  and  cover  the  sepa- 
rated surfaces  with  some  oily  substance  to  pre- 
vent further  adhesion.  Whether  the  separa- 
tion of  adherent  surfaces,  by  exposing  abraded 
areas  and  thus  hastening  the  absorption  of 
toxins,  would  do  more  harm  than  the  ob- 
struction was  previously  causing,  is  a  question 
which  experience  alone  will  decide.  In  any 
case  mere  opening  and  draining  the  distended 
gut,  though  always  doing  good,  seldom  avails 
to  save  the  patient's  life  in  this  desperate  class 
of  case. 
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parasites,  and  do  not,  as  a  rule,  produce  very  severe  symptoms. 
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THE     USE     OF     OIL    TO     FAVOR     DRAINAGE    AND 

INTESTINAL    PERISTALSIS    IN    CASES    OF 

GENERALIZED   PERITONITIS 

When  one  examines  the  abdomen  of  a  pa- 
tient who  has  died,  say  two  days  after  an 
operation  for  generalized  peritonitis,  one  real- 
izes how  the  property  which  the  peritoneum  pos- 
sesses of  forming  plastic  adhesions  and  which 
is  so  valuable  in  localizing  infections,  may 
when  the  infection  becomes  generalized,  mili- 
tate against  the  patient's  chances  of  recovery. 
One  finds  in  such  a  case  that  whereas  at  the 
operation,  two  days  before,  the  intestines  were 
floating  in  purulent  exudate,  at  the  post-mortem 
the  coils  of  intestine  are  glued  together  and 
between  them  are  everywhere  pockets  of  pus. 
When  the  pus  was  evacuated  at  the  operation 
the  inflamed  peritoneal  surfaces  came  to- 
together  and  adhered,  and  the  pelvic  or  other 
drains  which  were  left  in  only  drained  a  small 
area  in  their  immediate  vicinity.  This  gluing 
together  of  the  intestinal  coils  must  moreover 
have  considerably  interfered  with  the  peris- 
talsis of  the  bowel  wall,  weakened  as  it  was  by 
toxaemia.  In  such  cases  I  believe  we  have  the 
clearest  indication  of  all  for  the  use  of  oil  in 
the  peritoneal  cavity.  If  at  the  operation, 
after  the  pus  is  evacuated  or  the  abdomen 
washed  out,  oil  be  poured  over  the  inflamed 
intestines,  adhesions  will  be  prevented,  for  a 
few  days  at  least,  the  purulent  exudate  will 
find  its  way  down  to  the  pelvic  drain  and  so 
escape,  and  tiie  general  lubrication  will  favor 
intestinal  peristalsis. 

Through  the  kindness  of  Professor  Caird  one 


has  had  the  opportunity  of  practicing  this 
method  of  treatment  in  two  cases  of  absolutely 
generalized  peritonitis.  In  the  one  case  in 
which  the  peritonitis  was  due  to  a  perforation 
in  a  partially  gangrenous  caecum  which  had 
herniated  through  the  foramen  of  Winslow, 
and  in  which,  at  the  operation,  considerable 
exposure  and  handling  of  the  intestines  was 
unavoidable,  two  ounces  of  sterile  vaseline  oil 
was  poured  into  the  abdomen  at  the  conclusion 
of  the  operation.  The  patient  died  36  hours 
later  and  at  post-mortem  the  intestines  were 
found  non-adherent  and  covered  with  a  thin 
film  of  oil. 

In  the  second  case  where  an  appendix  ab- 
scess had  ruptured  into  the  general  peritoneal 
cavity  and  where  pus  and  fibrin  were  found 
covering  the  liver  and  under  surface  of  the 
diaphragm  the  same  procedure  was  carried 
out  at  the  operation.  The  patient  recovered 
and  it  was  noteworthy  that  she  passed  flatus 
a  few  hours  after  operation,  and  had  none  of 
the  symptoms  of  intestinal  paresis  which  one 
usually  sees  in  such  cases. 

CONCLUSIONS 

From  the  observations  recorded  above  one 
feels  justified  in  advocating  the  introduction 
of  vaseline  oil  into  the  peritoneal  cavity  in  the 
following  conditions: 

1.  In  operations  for  the  relief  of  old-stand- 
ing adhesions. 

2.  In  operations  for  localized  or  diffuse 
peritonitis  where  handling  of  the  viscera  is 
unavoidable. 


I  little,  dogs,  etc.,  so  "frequently.     These  Non-psoric  Acari  are  only  temponiiy 
parasites,  and  do  not,  as  a  rule,  produce  very  severe  symptoms. 

To  the  Psoric  Acaii  belong  two  groups,  namely,  Sarcoptida?  and  Demodecidiv. 
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3.  In  operations  for  generalized  peritonitis 
to  favor  subsequent  drainage  and   intestinal 

peristalsis. 
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AN  INVESTIGATIOX  INTO   SCABIES  IN 
LABORATORY  ANDIALS.^ 

By  E.  Craxstox  Low,  M.B.,  F.R.C.P.E.,  Assistant  Physician  to  the 
Skin  Department,  Royal  Infirmary,  Edinhiirgh. 

From  the  Lahoratortj  of  the  Uoyul  College  of  Physicians,  Edinburgh. 

DuuiXG  the  last  three  years,  whilst  workiug  iu  this  laboratorj-,  my 
attention  has  been  drawn  to  the  prevalence  of  scabies  amongst  the 
animals  commonly  used  there.  As  it  is  important  that  such  animals 
should  be  in  perfect  health  before  being  used  for  experimental  work,  it 
seems  to  me  that  a  short  description  of  the  appearances  of  these 
diseases,  the  methods  of  diagnosis,  the  course  which  they  usually 
run,  and  the  measures  to  be  taken  to  prevent  their  spread,  may  be 
of  use  to  those  engaged  in  animal  research  work. 

Before  proceeding  to  the  description  of  the  various  varieties  of 
scabies,  it  may  be  well  to  mention  the  exact  zoological  position  which 
the  parasites  found  in  this  disease  occupy  in  the  animal  kingdom. 

The  various  kinds  of  "  mange  "  found  in  animals  are  all  due  to  members 
of  the  order  of  Acarina.  The  Acarina  form  a  special  order  in  the  class 
Arachnida.  All  acari  (mites)  have  non-articulated  bodies,  the  head,  thorax, 
and  abdomen  being  all  one  mass.  They  have  a  chitinous  integument  with 
spines  and  hairs,  and  their  limbs  are  terminated  by  suckers  or  hairs.  The 
se.xes  are  separate,  the  females  being  larger  and  more  numerous  than  the  males. 
They  all  undergo  a  succession  of  changes  as  they  develop.  They  are  either 
oviparous  or  ovo-viviparous.  From  the  egg  the}'  hatch  out  in  from  four  to  seven 
days  as  larvte,  which  have  as  a  rule  only  three  pairs  of  legs  (hexapod  larva?). 
After  further  development  they  acquu'e  a  fourth  pair  of  legs,  and  reach  the 
stage  of  nj'mphse  (or  pupae).  Then  the  genital  organs  develop,  and  the  animal 
becomes  a  pubescent  male  or  female  (or  imago)  fourteen  to  seventeen  days 
after  hatching.  Lastly,  after  impregnation,  the  female  becomes  an  ovigerous 
female.  Friedberger  and  Frbhner  (1908^)  state  that  the  female  dies  in  from 
tlnee  to  five  weeks  after  laying  her  eggs,  and  the  male  lives  about  six  weeks. 
The  same  authors  also  quote  Gerlach  as  stating  that  about  IJ^  million  sheep 
acari  spring  from  a  single  female  in  innety  days. 

Acariasis  in  the  Mammalia  is  divided  into  Xon-psoric  and  Psoric  Acariasis. 
To  the  former  belong  several  groups,  including  the  Ticks,  which  attack  horses, 
cattle,  dogs,  etc.,  so  frequently.  These  Non-psoric  Acari  are  only  temporary 
parasites,  and  do  not,  as  a  rule,  produce  very  severe  symptoms. 

To  the  Psoric  Acari  belong  two  groups,  namely,  SarcoptidsB  and  Demodecidir. 
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Both  these  forms  are  more  or  less  serious  for  the  host  which  is  attacked.  The 
Sarcoptidae  live  on  or  in  the  epidermis  itself,  the  Demodecidne  practically 
exclusively  in  the  sebaceous  glands  of  the  skin.  With  the  first  of  these 
two  groups  this  paper  deals. 

PsoRic  Saucoptidvi:. 

These  are  divided  into  three  distinct  genera — ^(1)  Sarcopies,  (2)  Psoropfes, 
(3)  Chorioples. 

The  Sarcopies  (a-ap^,  flesh ;  Koirrhv,  to  cut)  or  burrowing  mites  are  small,  ha\'c 
rounded  bodies  and  very  short  legs,  and  the  hind-legs  do  not  project  beyond  tht- 
edge  of  the  body.  The  female  lives  in  the  horny  layer  of  the  skin,  forming  a 
burrow  in  which  she  deposits  her  eggs.  The  male  lives  on  the  surface  of  the 
skin,  clinging  to  scales,  etc. 

The  Psoroptes  (i/'Mfia,  from  ij/ii,  I  rub,  and  Tmjo-creii',  I  conceal)  or  sucking 
mites  (also  called  Derinatodectes  ((^erlach)  or  Dennatocoptes  (Fiirstenberg)), 
and  the  Chiriopfes  or  scale-eating  mites  (also  called  Symhintes  (Gerlach)  or 
Dermatopliagi  (Fiirstenberg))  are  much  larger  in  size,  and  live  on  the  surface 
of  the  skin  and  in  its  superficial  layers,  usually  chiefly  attacking  the  insidc- 
of  the  ears  only. 

Friedberger  and  Frohner  (1908^)  state  that  the  Sarcopites  feed  on  the  ccll.^ 
of  the  rete  Malpighii  of  the  skin  ;  the  Psoropfes  suck  blood  serum  and  lymph 
from  the  skin,  clinging  the  while  to  scales  and  hairs ;  whilst  the  Clwriojiffs 
feed  on  the  younger  epidermic  scales  which  they  gnaw  away  from  the  surfaii' 
of  the  skin. 

In  the  domesticated  animals,  e.i/.  horse,  sheep,  goat,  dog,  etc.,  the  disea>'' 
has  been  already  very  thoroughly  studied.  In  this  jiaper  the  forms  of  disea>r 
found  in  the  rabbit,  rat,  mouse,  cat,  ferret,  and  fox  will  be  described. 


ItABBIT    SCWBIES. 

Kabbits  sulfer  from  two  forms  of   scabies  due  respectively  to  a 
Sarcoptes  and  a  Fsoroptcs} 

The  S.\rcoptic  Mange  begins  usually  about  the  face  as  a  scaliuess 
around  the  eyes  and  on  the  nose  (Phite  XXXIV.  Fig.  1).  If  the  disease 
is  left  alone  it  spreads  from  these  areas  till  the  whole  face  is  covered 
with  a  thick  scaly  eruption.  Tiie  scales  are  whitish-yellow,  aud  are 
mixed  up  with  yellowish  crusts  and  hairs.  Tlie  disease  soon  spreads 
up  to  the  bases  of  the  ears  on  tiieir  outer  aspect,  and  also  iu  a  circular 
manner  round  the  neck.  It  never  affects  the  iusides  of  the  ears.  In 
the  average  case  it  goes  no  further  tlian  the  localities  mentioned,  but 
in  severe  cases  it  spreads  to  tlie  fore  aud  hind-legs,  into  the  groins 
and  around  the  genitals.  At  first  only  scaling  and  crusting  result,  h\\: 
later  there  is  some  loss  of  hair,  but  never  to  any  very  great  extent 
The  itching  seems  to  vary.  Tiio  animals  scratch  themselves  a  good 
(leal,  but  not  so  much  as  one  would  expect  considering  the  number  of 
acari  ineseut.  If  scales,  etc.,  from  any  of  the  airected  area.s  be 
removed  and  examined  in  liquor  potassie,  sarcoptes  are  found  in  all 
stages  of  development  mixed  up  with  scales,  crusts,  and  hairs.  Thcrr 
is  no  difliculty  in  finding  the  acari,  provided  one  scrapes  ofT  the  sciiliv. 

'  Friodbcrgpr  ftiul  Fiiilincr  nlso  sl«to  that  ralibits  may  lie  nITootcd  with  Clwrinplef,  Imt 
I  have  not  observed  tliis. 
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etc.,  right  down  to  the  deeper  part  of  the  horny  layer  of  the  skin,  as 
the  acari  are  most  numerous  next  the  skin  itself.  These  acari  have 
the  characters  of  all  sarcoptes  (Plate  XXXIV.  Fig.  3),  being  rounded 
in  shape,  with  four  pairs  of  legs,  the  anterior  legs  all  having  suckers,  and 
the  posterior  legs  in  the  females  having  long  hairs  at  the  end,  whilst  in 
the  male,  the  inner  pair  has  suckers,  and  the  outer,  hairs.  The  female 
is  larger  than  the  male,  averaging  0'215  mm.  long  by  0'177  mm. 
broad,  whilst  the  male  measures  0'156  mm.  long  by  0'124  mm. 
broad.  In  the  scales  are  also  seen  very  numerous  ova,  young  acari 
in  the  larval  and  pubescent  stages,  and  fteces. 

In  examining  scales,  etc.,  for  acari  the  best  results  are  obtained  by  putting 
the  material  on  a  slide  with  a  drop  of  liquor  potassae,  covering  with  a  cover 
glass  and  heating  gently.  The  liquor  potassae  clears  up  the  scales  in  a  few 
minutes  ;  the  acari  become  a  light  yellow  colour,  and  stand  out  in  contrast  to 
the  scales,  etc.  Sometimes  it  is  difficult  to  get  the  acari  separated  from  hairs, 
crusts,  etc.,  and  if  so,  the  untreated  material  should  be  spread  out  in  a  Petri's 
dish  and  warmed  gently,  when  the  acari  begin  moving  about  and  can  be  picked 
up  on  the  point  of  a  needle  and  mounted  separately.  If  permanent  specimens 
are  desired,  the  liquor  potassae  should  be  poured  oft',  and  a  drop  or  two  of  water 
dropped  on  at  one  end  of  the  slide  and  allowed  to  flow  over  the  specimen. 
This  is  repeated  several  times  so  as  to  wash  off'  all  the  caustic  potash.  Then 
the  slide  is  warmed  and  a  drop  of  glycerin  jelly  (gelatin  and  glycerin,  part.  aeq. 
with  a  crystal  of  thymol),  which  has  been  melted  in  a  hot-water  bath, 
put  on  and  covered  with  a  warm  cover  glass.  When  cool  the  glycerin  jelly 
solidifies.  Such  specimens  keep  indefinitely,  and  are  much  better  than  those 
mounted  in  Farrant's  solution  or  pure  glycerin.  One  can  also  examine  the 
scales,  etc.,  in  glycerin  instead  of  in  liquor  potassae,  but  they  take  longer  to  clear 
up,  are  more  mixed  up  with  air  bubbles,  and  as  the  acari  do  not  take  on  the 
yellow  colour  produced  by  the  liquor  pota.ssae,  they  are,  therefore,  not  so  easily 
seen.  The  glycerin  like  the  liquor  potassae  can  be  removed,  and  the  specimen 
permanently  mounted  in  glycerin  jelly.  One  cannot  mount  acari  in  Canada 
balsam,  as  they  are  difficult  to  dehydrate  completely.  In  this  investigation  the 
method  described  first  (namely,  liquor  potassae  and  then  glycerin  jelly)  was 
found  to  give  the  most  satisfactory  results. 

The  skin  from  such  cases  was  also  examined  microscopically.  In  examining 
the  following  forms  of  scabies  tlie  majority  of  specimens  were  put  through 
paraffin,  and  a  few  through  celloidin.  The  acari  are  well  seen  when  stained 
by  most  stains,  but  the  hajuiatoxylin  and  van  Gieson  method  gave  the  best 
results,  the  acari  staining  more  darkly  by  this  method  than  by  any  other. 

In  Sakcoptic  Scabies  of  the  Kahhit  the  acari  are  seen  embedded 
deeply  in  the  horny  layer  of  the  skin  (Plate  XXXIV.  Figs.  2  and  5). 
The  Malpighian  layer  is  practically  unaltered.  Superficial  to  the  acari 
there  is  a  thick  mass  of  scales  and  crusts,  which  is  permeated  all 
through  by  spaces,— the  tunnels  made  by  the  acari  as  they  move  about. 
In  these  tunnels  are  debris,  fieces,  and  ova.  There  is  a  slight  small- 
celled  infiltration  of  the  corium.  There  is  neither  ulceration  of  the 
surface,  nor  formation  of  vesicles  in  the  epithelial  layers. 

Once  a  rabbit  is  infected  with  sarcoptic  scabies  the  disease  spreads 
fairly  rapiilly,  a  well-marked  eruption  being  jiresent  after  three  or  four 
weeks.     The   condition    is   very  serious   if   left   alone,  as   the  animal 
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becomes  emaciated  and  dies  from  the  irritation  produced.  When  the 
disease  is  extensive  around  the  mouth,  it  leads  to  cracking  of  the  skin, 
with  the  formation  of  deep  fissures,  which  are  very  painful  when  the- 
animal  attempts  to  eat,  and  that  I  think  has  a  good  deal  to  do  with 
the  emaciation  which  results.  The  animal  sits  with  eyes  lialf  closed 
and  takes  very  little  notice  of  anything. 

The  disease  spreads  most  easily  from  one  rabbit  to  another  by 
direct  contact.  If  an  animal  suffering  from  the  disease  be  placed 
beside  healthy  ones  the  disease  is  soon  communicated.  I  have 
repeatedly  removed,  from  a  diseased  rabbit,  living  sarcoptes  and  ova 
in  all  stages  of  development  in  considerable  numbers,  and  placed  them 
on  the  skin  of  healthy  rabbits  on  the  areas  which  are  most  usually 
affected,  but  have  never  succeeded  in  transmitting  the  disease  by  that 
means.  The  failure  was  not  due  to  any  insusceptibility  on  the  part 
of  the  animal,  for  in  one  case  where  a  rabbit  had  failed  to  show  any 
signs  of  the  disease  after  repeated  attempts  at  artificial  transmission, 
I  placed  it  in  a  cage  beside  a  diseased  animal,  and  in  a  short  time  it 
showed  marked  signs  of  the  disease.  The  disease  may  also  be  spread 
by  infected  cages  in  which  diseased  animals  have  been  kept.  But  I 
placed  a  healthy  rabbit  in  a  cage  out  of  which  a  diseased  one  had 
been  taken,  and  although  the  cage  was  not  cleaned  out  at  all,  the 
healthy  rabbit  did  not  develop  scabies.  Many  animals  which  are 
kept  by  themselves  in  cages  develop  the  disease,  but  I  cannot  say 
definitely  whether  they  get  it  from  the  cages  being  infected  or  by 
transmission  of  acari  or  their  ova  from  one  animal  to  another  I'v 
attendants.  These  methods  are  unlikely,  for,  as  just  stated,  it  is 
difticult  to  infect  animals  with  small  quantities  of  the  acari  and  witli- 
out  prolonged  contact  of  the  infecting  agent.  A  much  more  likely 
reason  for  the  disease  appearing  in  such  animals  is  that  they  are 
infected  whilst  they  are  running  about  with  the  other  stock  rabbit  > 
which  are  all  kept  together  ;  when  first  put  in  a  cage  by  themselves  tlie\ 
look  quite  liealthy  but  have  a  few  acari  on  them,  which  soon  iucreas' 
in  number,  although  it  is  only  after  a  week  or  two  that  the  condition 
becomes  evident.  As  the  cages  here  are  fre(iuently  cleaned  thoroughly, 
these  are  not  likely  to  be  the  source  of  infection.  Another  pos.siMr 
metiiod  of  spi-ead  is  by  the  baskets  in  whicli  the  laboratory  workei> 
carry  the  rabbits  to  and  from  their  cages  for  examination.  If  such  a 
basket  is  infected  it  may  readily  spread  the  disease.  Tlie  question  of 
the  transmissibility  of  the  disease  from  one  species  of  laboratory  animal 
to  another  and  to  man  is  impoitnnt.  Neumann  (190o ')  quotes  Zuni 
as  stating  that  rabbit  scabies  is  transmissible  to  man,  and  says  that 
it  causes  a  trilling  disturbance  which  lasts  a  few  days  onl}'.  The  fact 
that  none  of  tlie  attendants  or  workers  in  the  laboratory,  altliniigli 
they  are  constantly  Iiandling  infected  animals,  have  ever  shown  any 
signs  of  irritation  on  llie  Iiantls  or  elsewhere,  jioints  to  the  ditliculi^ 
of  transmitting  tlie  disease  to  man.     From  n  comixirisou  (see  Tabl' 
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of  the  sizes  of  the  sarcoptes  of  the  different  animals,  the  cat  sarcopt 
is  the  one  which  most  nearly  approaches  that  of  the  rabbit  in  size. 
Xo  attempts  were  made  to  infect  cats  from  rabbits  or  vice  versa,  as 
the  two  animals  could  not  be  kept  together,  and  as  the  mere  placing 
of  a  few  acari  from  one  rabbit  on  to  another  rabbit  did  not  produce  the 
disease,  still  less  likely  is  it  that  it  would  succeed  between  the  rabbit 
and  cat. 

The  sarcoptic  scabies  of  the  rabbit  can,  however,  be  readily  trans- 
mitted to  the  guinea-pig.  A  guinea-pig,  whose  skin  was  quite  healthy, 
was  placed  on  14th  Xovember  1909  beside  a  rabbit  suffering  from  a 
sarcoptic  and  psoroptic  scabies.  A  fortnight  later  the  guinea-pig  was 
scaly  more  or  less  all  over  the  body  and  on  the  face,  especially  around 
tlie  eyes.  In  the  scales  very  numerous  sarcoptes  were  to  be  seen. 
On  8th  December  1909  another  healthy  guinea-pig  was  placed  beside 
the  same  rabbit ;  it  also  in  ten  days  showed  marked  scaly  rings  around 
the  eyes  (Plate  XXXIX.  Fig.  25),  and  a  great  deal  of  crusting  and 
scaliness  on  the  body,  especially  on  the  sides  (Plate  XL.  Fig.  29). 
Amongst  the  scales,  etc.,  sarcoptes  were  easily  found.  There  is  no 
doubt  therefore  that  sarcoptic  scabies  of  the  rabbit  is  readily  trans- 
mitted to  the  guinea-pig. 

An  attempt  was  also  made  to  infect  rats  with  sarcoptes  from  the 
rabbit,  but  although  acari,  etc.,  were  placed  on  four  rats,  none  of  the 
animals  ever  showed  any  signs  of  scabies.  Two  rats  were  also  placed 
each  in  the  same  cage  beside  a  rabbit  suffering  from  sarcoptic  scabies, 
lu  neither  ca.se  did  the  rat  show  any  signs  of  the  disease  even  after 
several  weeks.  This  is  not  to  be  wondered  at,  as  the  sarcopt  of  the 
rat  is  slightly  larger  than  that  of  the  rabbit.  That,  together  with  the 
failure  to  transmit  the  disease,  points  to  the  rabbit  and  rat  sarcopt 
being  different  species  of  acari. 

In  addition  to  a  Sarcoptes  minor  in  the  rabbit,  Friedberger  and 
Frohner  (1908-'')  say  that  the  tame  rabbit  may  be  infected  with  a  ^S". 
scabici,  and  that  that  form  of  the  disease  can  be  communicated  to 
guinea-jiigs  and  ferrets.  I  have  examined  many  rabbits  with  sarcoptic 
scabies,  but  all  had  an  acarus  of  the  same  small  size  belonging  to  the 
variety  of  S.  minor. 

The  treatment  of  sarcoptic  scabies  in  rabbits  is  very  unsatisfactory. 
Xeumauu  recommends  washing  with  soft  soap  and  then  applying 
Helmerich's  ointment  (sulph.  sublimat.,  100  parts;  pot.  carb.,  100 
parts;  lard,  800  parts).  I  have  used  ung.  sulph uris  (B.P.)  but 
without  success.  Ointments  are  too  thick  and  lie  too  much  on  the 
surface  of  the  hairs  and  crusts.  An  ointment,  consisting  of  a  mixture 
of  equal  parts  of  soft  paraffin  and  vaseline  with  a  few  drops  of  lysol, 
was  also  tried.  The  parts  where  the  ointment  was  thoroughly  applied 
became  smooth,  and  a  good  deal  of  the  hair  fell  out,  but  the  disease 
soon  spread  again,  especially  from  the  eyes,  for  the  animal  closes  tlie 
eyes  firmly  and  prevents  the  application  getting  pro^wrly  at  the  acari 
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iu  that  region.  The  best  measures  to  adopt  to  get  rid  of  the  disease 
are  destruction  of  all  diseased  animals,  disinfection  of  the  cages,  and  a 
careful  inspection  of  all  new  animals  so  as  to  prevent  its  reintro- 
duction  from  the  outside.  These  remarks  apply  to  all  animals  used 
in  the  laboratory.  The  parts  to  be  specially  examined  are  around  the 
eyes,  about  the  ears  and  the  genital  region. 

PsoROPTic  Scabies  of  the  Eabbit  {Psoroptic  otacariasis). — 
Psoroptic  scabies  in  the  rabbit  primarily  affects  only  the  insides  of 
the  ears.  It  shows  itself  as  a  crusting  inside  the  ears  at  the  bottom 
of  the  concha.  After  a  time  the  whole  inside  of  the  ear  becomes 
filled  up  with  a  great  mass  (Plate  XXXV.  Figs.  6  and  7),  which  is 
whitish-yellow  in  colour,  dry,  and  arranged  in  thick  flakes  like  pastry. 
This  mass  may  be  as  much  as  three  -  quarters  of  an  inch  thick. 
Between  the  layers  of  scales  and  crusts  are  masses  of  faeces  and  a 
few  dead  acari.  If  all  these  scales  are  removed  the  surface  of  the 
skin  is  found  to  be  red,  moist,  and  oozing,  and  lying  on  it  are  thousands 
of  acari.  There  is  an  offensive  odour  and  the  ears  are  somewhat  tender 
to  touch.  These  acari  are  about  three  times  the  size  of  sarcoptes,  and 
are  easily  visible  to  the  naked  eye.  They  can  be  scraped  off  the  inside 
of  the  ear  in  bunches,  and  are  seen  usually  arranged  in  pairs,  the  male 
and  female  together  (Plates  XXXVI.  and  XXXVII.  Figs.  11  and  12). 
The  psoroptes  are  easily  distinguished  microscopically  from  the  sar- 
coptes. Their  large  size  and  their  relatively  long  hind-legs,  which 
project  well  beyond  the  body  of  the  animal,  are  characteristic  (Plate 
XXXVII.  Figs.  13  and  14).  Their  bodies  are  squarish,  whilst  I  he 
sarcoptes  are  rounder  and  their  heads  are  more  pointed.  The  suckers 
on  the  limbs  have  long,  thin,  three-jointed  pedicles,  whereas  in  the 
sarcoptes  and  chorioptes  the  pedicles  of  the  suckers  have  no  joints  at 
all.  The  females  have  two  long  bristles  on  the  hind-legs,  and  the  males 
have  two  long  outer  hind-legs  with  suckers  and  two  short  inner  ones 
with  bristles.  In  addition  the  male  has  copulatory  suckers.  Mi.xed 
up  with  the  adult  acari  are  numerous  ova  and  larva-.  These 
psoroptes  do  not  form  definite  burrows  in  the  skin.  They  lie  on 
the  skin,  and  by  their  irritation  cause  a  moist  exuding  surface.  The 
animal  scratches  the  ears  and  shakes  the  head  frequently.  Often 
the  psoroptes  remain  localised  in  the  ears,  and  Neumann  says  thai 
the  disease  never  affects  any  other  part  of  the  body.  But  whilst  it 
may  be  the  rule  to  find  psoroptes  only  inside  the  ears,  I  have  seen 
in  three  rabbits,  in  addition  to  the  eruption  inside  the  cars,  au 
extensive  eruption  on  the  face,  neck,  and  limbs.  In  these  cases  only 
psoroptes  were  found.  Ziirn  also  records  a  similar  spread  of  the 
disease.  When  it  spreads  to  the  body  it  produces  a  very  great  deal 
of  scaling  and  crusting,  and  very  soon  loss  of  hair  on  the  affect iil 
regions  (Plates  XXXVI.  and  XXXVII.  Figs.  10  and  15).  Masses  "i 
psoroptes  may  be  literally  scraped  off  the  surface  <if  the  skin.  Tho 
animal  rapidly  emaciates,  the  hair  falls  off  the  legs  hut  not  off  the 
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feet,  the  eyes  become  closed  and  surrounded  with  crusts,  the  face 
fissured  and  cracked,  and,  if  left  alone,  the  animal  rapidly  dies.  The 
irritation  produced  by  the  psoroptes  is  much  more  severe  than  that 
produced  by  the  sarcoptes. 

If  a  healthy  rabbit  is  placed  beside  one  with  psoroptic  scabies 
the  disease  is  easily  transmitted,  but  although,  as  in  sarcoptic  scabies 
I  repeatedly  placed  acari  and  their  ova  from  a  diseased  ear  into  that 
of  a  healthy  rabbit,  I  never  succeeded  in  transmitting  the  disease. 
The  animals  always  shook  the  acari  out  or  removed  them  with  their 
hind  feet.  In  order  to  prevent  this,  after  placing  acari  inside  the  ears 
of  two  rabbits,  the  ears  were  covered  with  strapping,  but  with  negative 
result.  Possibly  the  absence  of  oxygen  j^revented  their  living. 
Psoroptes  from  rabbits  were  also  placed  inside  the  ears  of  four  mice 
but  with  negative  results.  Mliller  and  Ziirn  and  others  have  reported 
finding  psoroptes  in  the  middle  ear  and  mastoid  cells  of  such  rabbits, 
and  have  observed  vertigo  and  symptoms  of  meningitis.  Unfortunately 
the  middle  and  inner  ears  of  these  rabbits  were  not  examined. 

On  examining  microscopically  the  skin  from  the  ears  of  rabbits 
v/ith  psoroptic  scabies,  the  acari  are  found  lying  on  the  inner  surface 
of  the  ear,  and  superficial  to  them  are  several  layers  of  crusts  (Plate 
XXXIV.  Fig.  4)  consisting  of  masses  of  leucocytes  and  coagulated 
serum,  blood,  and  epithelial  cells.  In  between  the  layers  of  crusts 
are  faces,  the  acari  themselves  being  found  chiefly  amongst  the  crusts 
near  the  skin  itself.  The  surface  of  the  epitlielium  (Plate  XXXVII. 
Fig.  IG)  is  abraded  here  and  there  and  covered  with  a  thick  exudate. 
The  epithelium  is  slightly  hypertrophied,  and  the  whole  corium,  sub- 
cutaneous tissue,  and  slightly  also  the  superficial  layers  of  the  muscle, 
are  infiltrated  with  a  dense  mass  of  small  round  cells.  There  are 
no  giant  cells.  This  infiltration  varied  considerably  in  amount  in 
ditl'ereut  cases,  being  in  some  eases  much  less  than  one  would  have 
expected. 

Successful  treatment  of  psoroptic  scabies  in  rabbits  is  uot  easy, 
as  the  ears  are  tender  and  the  animals  resent  their  being  touched. 
The  same  methods  as  for  sarcoptic  scabies  should  be  adopted,  but 
some  acari  in  the  deeper  part  of  the  ear  are  very  apt  to  escape 
treatment.  The  same  precautious  for  preventing  its  introduction 
among  rabbits  should  be  observed  as  in  sarcoptic  scabies. 

Mixed  Cases  ok  Sarcoptic  and  Psoroptic  Scabies. — In  addition 
to  cases  of  pure  sarcoptic  infection  and  pure  psoroptic  infection,  one 
frequently  sees  rabbits  with  both  diseases.  Out  of  eighteen  rabbits 
suB'ering  from  scabies,  six  had  a  pure  sarcoptic  infection,  three  had  a 
pure  psoroptic  infection,  and  nine  were  infected  with  both  forms  of 
parasite.  Tlie  sarcoptes  never  infect  the  inside  of  the  ears.  lu  such 
mixed  cases  psoroptes  only  are  found  inside  tlie  ears,  and  a  mixture  of 
sarco])te8  and  jisoroptes  on  the  face,  outside  cars,  neck,  limbs,  abdomen, 
ami  genitals.     The  rabbit  at  first  has  sarcoptic  scabies  on  face,  neck,  etc.. 
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and  psoroptic  scabies  inside  its  ears,  and  it  is  only  after  the  diseases 
have  lasted  some  time  that  the  psoroptes  spread  from  the  ears  over 
the  body  and  a  mixture  of  the  two  diseases  is  seen  (Plate  XXXVI. 
Figs.  8  and  9).  One  can  usually  tell  the  cases  where  there  is  a  pure 
sarcoptic  infection  of  the  face  and  limbs  from  the  mixed  cases  or 
pure  psoroptic  infection  of  the  body.  In  the  latter  cases,  there  is 
always  more  crusting,  more  cracking  of  the  skin,  and  more  loss  of 
hair  than  in  the  sarcoptic  cases.  Microscopically  such  mixed  cases 
show  an  appearance  very  similar  to  that  seen  in  pure  sarcoptic 
scabies.  The  sarcoptes  are  more  in  evidence  than  the  psoroptes,  as 
they  burrow  more  into  the  skin  and  so  are  not  so  apt  to  fall  out 
of  the  sections. 

Scabies  in  the  Cat. 

Two  forms  of  scabies  affect  the  cat — (1)  A  sarcoptic  form  due  to 
S.  minor ;  and  (2)  a  chorioptic  form  due  to  Ckorioptes  cynotis. 

Sarcoptic  Scabies. — From  a  cat  in  the  laboratory  I  obtained  this 
parasite.  The  cat  showed  scaliness  on  the  top  of  the  head,  outer 
aspect  of  the  ears,  on  the  face  and  neck.  The  skin  there  was 
scratched-looking  but  not  very  red.  There  was  also  patchy  loss  of 
hair.  On  the  scaly  areas  abundant  acari  were  found.  These  acari, 
as  the  name  S.  minor  (Plate  XXXIX.  Fig.  26)  indicates,  are  smaller 
than  the  S.  scahiei  (see  Table),  and  very  nearly  approach  in  size  to 
those  found  on  the  rabbit.  The  cat  had  been  kept  some  time  in  the 
laboratory,  and  it  is  possible  that  it  was  infected  from  a  rabbit. 
Neumann  states  that  the  identity  of  the  rabbit  and  cat  sarcopt  has 
not  yet  been  established.  This  form  of  scabies  has  been  communi- 
cated to  man  but  soon  dies  out. 

Neumann  also  states  that  the  *S'.  minor  of  the  cat  is  the  cause  of 
scabies  in  the  rat.  But  although  the  appearance  of  the  sarcoptes  of 
the  cat  and  rat  are  somewhat  similar,  the  rat  sarcopt  is  distinctly 
larger  than  that  of  the  cat,  and  probably  therefore  is  a  ditVoreut 
variety  of  S.  minor. 

Chorioptic  Scabies  of  the  Cat. — For  a  specimen  of  the  parasite 
of  this  disease  I  am  indebted  to  Professor  Gofton.  The  chorioptes 
are  found  inside  the  ear.  In  the  animal  examined  there  was  very 
little  sign  of  irritation  of  the  ear.  The  chorioptes  are  not  unlike 
the  psoroptes,  and  are  arranged  usually  in  pairs  (Plate  XL  Figs,  ol, 
?t2,  and  3.'^>).  Tliey  are  smaller  tiian  the  psoroptes,  and  are  most 
readily  distinguislieil  from  them  by  the  short  unjointcd  pedicle  t" 
the  suckers  on  the  legs,  whereas,  as  already  mentioned,  the  psoroptes 
have  long,  thin,  jointed  jiedicles  on  the  suckcr.s.  The  chorioi)tes  in 
the  cat  correspond  very  closely  in  size  to  those  which  I  found  in  tlie 
ferret. 

Mixed  Cases. — Tlic  cat  ju.st  referred   to  also  li.id  an  infoction  of 
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the  face  and  neck  with  sarcoptic  scabies,  so  that,  as  in  the  rabbit, 
sarcoptic  scabies  and  otacariasis  may  occur  together  in  the  same 
animal. 

Ferret  Scabies. 

The  ferret  is  attacked  by  two  kinds  of  scabies  :  (1)  A  sarcopt, 
S.  scabiei,  var.  hydrochceri,  and  (2)  a  choriopt,  C.  cynotis. 

Sarcoptic  Scabies. — I  have  examined  three  ferrets  attacked  with 
this  disease.  For  one  I  am  indebted  to  Professor  Gofton,  and  for  the 
•others  to  Dr.  J.  P.  M'Gowan.  In  all  cases  the  feet  were  chietiy 
affected.  On  the  pads  of  the  feet  and  between  the  claws  were  large 
masses  of  crusts  in  which  sarcoptes  were  very  numerous  (Plate  XLI. 
Fig.  34).  There  was  also  some  crusting  on  the  rims  of  the  ears 
<PIate  XLI.  Fig.  35),  all  along  the  tail  (Plate  XLI.  Fig.  38),  and 
around  the  genitals  and  anus.  The  body  was  not  affected.  The 
crusting  and  swelling  in  the  feet  were  so  great  that  the  animals  had 
■difficulty  in  walking.  They  frequently  tore  at  their  feet  with  their 
teeth.  They  were  not  in  good  condition,  their  fur  stood  on  end,  and, 
as  Neumann  describes,  their  bodies  were  covered  with  a  thick  viscid 
sweat  which  smelt  strongly  of  their  characteristic  odour. 

How  the  ferrets  contract  the  disease  is  doubtful.  Naturally,  what 
suggests  itself  is  an  infection  from  the  rabbit,  but  this  cannot  be,  as 
the  acarus  here  is  not  S.  minor  as  usually  found  in  the  rabbit,  but 
<S'.  scabiei.  Sarcoptes  from  the  ferrets  were  placed  on  the  skin  of 
two  healthy  rabbits.  Pieces  of  the  skin  from  the  soles  of  the  feet 
and  tails  of  the  ferrets  containing  very  numerous  sarcoptes  were  also 
placed  in  these  rabbits'  cages,  but  the  rabbits  remained  unatlected. 
Fried berger  and  Frohner  (1908^)  state  that  rabbits  suffering  from  *S'. 
scabiei  may  infect  ferrets,  but  Neumann  does  not  mention  that  form 
of  scabies  as  occurring  in  rabbits. 

In  all  three  ferrets  examined  the  same  kind  of  sarcopt  was  found. 
It  does  not  correspond  in  size  to  any  of  the  other  forms  of  sarcoptes 
which  I  examined.  Neumann  quotes  Eaillet  as  stating  that  the 
ferret  probably  gets  the  disease  from  the  pole-cats  which  are  frequent 
in  rabbit  warrens,  but  the  cat  sarcopt  is  *S^.  minor  and  not  S.  scabiei. 
The  disease  is  not  known  to  be  transmitted  from  the  ferret  to  man. 
■Sections  made  from  the  ears  and  tails  of  the  ferrets  (Plates  XLI.  and 
XLII.  Figs.  39  and  40)  show  very  abundant  acari  embedded  deeply 
in  the  horny  layer  of  the  skin.  The  whole  horny  layer  is  thickened 
■and  the  crusts  and  scales  are  all  tunnelled  by  the  passage  of  the  acari. 
There  is  some  dilatation  of  the  vessels  of  the  corium,  and  an  intiltra- 
tion  of  small  round  cells  which  are  extraordinarily  scanty  considering 
the  number  of  acari  on  the  surface.  Nowhere  were  vesicles  to  be 
■seen  in  the  epithelial  layers  such  as  are  seen  in  the  human  skin  in 
scabies. 

Chorioptic  Otacariasis  of  the  Ferret,  due  to  C.  anricularum. 


342  R.    CRANSTON  LOW. 

var.  furonis. — Two  of  the  ferrets  examined,  in  addition  to  having 
sarcoptes  on  the  feet  and  tails,  had  chorioptes  inside  the  ears.  These- 
were  found,  as  already  stated,  to  be  very  similar  in  size  and  appear- 
ance to  the  chorioptes  of  the  cat.  They  were  very  numerous  inside 
the  ears,  and,  beyond  a  slight  scaliness,  caused  no  change  in  the  skin. 
Xeumann  states  that  they  frequently  cause  destruction  of  the 
tympanic  membrane  and  lead  to  otitis  media,  caries  of  the  temporal 
bones,  and  meningitis.  They  do  not,  as  in  the  dog  and  cat,  cause  any 
epileptiform  attacks. 

Chorioptes  from  these  ferrets  were  placed  inside  the  ears  of  two- 
rabbits,  but  the  result  was  negative. 

Fox  Scabies. 

Professor  Gofton  also  kindly  supplied  me  with  material  from  a 
case  of  scabies  in  a  fox.  Scales,  etc.,  removed  from  this  fox  contained 
very  numerous  sarcoptes  and  their  ova,  which  do  not  differ  except  in 
size  from  the  sarcoptes  of  the  other  animals.  The  females  are  very 
nearly  of  the  same  size  as  the  sarcoptes  obtained  from  the  rats,  but 
of  the  males  are  somewhat  largei-. 


Eat  Scabiks. 

Scabies  in  rats  difiers  very  markedly  in  appearance  from  the  scabies 
of  the  other  animals  which  have  been  dealt  witli.  The  ears,  nose,  feet 
and  tail  are  affected,  and  in  some  instances  the  genitals  also.  Tlie 
ears  show  small  hard  warty-looking  growths  (Plate  XXXVIII.  Fig.  18). 
These  growths  are  chiefly  at  the  edge  of  the  auricle,  but  also  to  a  less 
extent  on  the  inner  and  outer  surfaces  of  the  ear  (Plate  XXXVIII. 
Figs.  19  and  21).  On  the  tip  of  the  nose  a  horny  mass,  often  of  con- 
siderable length,  frequently  develops  like  the  horn  on  the  nose  of  a 
rhinoceros.  If  this  horny  mass  gets  knocked  oft'  it  soon  regrows.  The 
tail  in  its  whole  length  is  scaly  and  covered  with  similar  but  smaller 
warty  growths.  Less  frequently  the  legs  and  genitals  are  affected  also, 
and  in  some  cases  the  hair  of  the  neck  anil  back  falls  out,  but  I  have 
never  found  any  acari  on  the  neck  or  back.  From  all  the  warty 
lesions  very  abundant  sarcoptes  are  easily  obtained.  They  arc  round  in 
shape,  and  sliow  the  usual  characters  of  sarcoptes  (Plato  X.XXVIIl. 
Fig.  20).  In  size  they  are  very  similar  to  those  found  on  the  fox,  i.e. 
they  are  intermediate  in  size  between  the  S.  scabici  of  man  and  tho 
ferret  and  the  .S^.  mino7-  of  the  cat  and  rabbit.  When  first  I  saw  this 
disease  on  rats,  scabies  never  occurred  to  me.  The  coiulition  was 
obviously  contagious,  but  it  looked  more  like  some  form  of  contagious 
wart  than  a  disease  due  to  an  animal  parasite.  !My  attention  was  tir.st 
drawn  to  its  true  nature  by  an  article  by  Schiirmann  (1008').  If 
these  warty  masses  are  examined  iu  liquor  potassic  sarcoptes  and  tlieir 
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ova  are  easily  seen.  The  removal  of  the  mass  leaves  a  red  moist 
oozing  surface  beneath.  The  eruption  itches,  but  does  not  affect 
the  health  of  the  animals  much.  It  never  seems  to  spread  beyond 
the  parts  already  indicated. 

If  the  skin  be  examined  microscopically  (Plate  XXXIX.  Fig.  23) 
adult  sarcoptes  are  found  embedded  in  the  horny  layer  (Plate  XXXIX. 
Figs.  22  and  24).  The  acarus  lies  in  a  depression  on  the  swollen 
tissues,  which  rise  upwards  and  surround  it.  It  lies  in  the  horny 
layer,  but,  in  places,  the  Malpighian  layer  is  hypertrophied ;  in  others 
it  has  completely  disappeared,  forming  an  ulcer,  and  the  acarus 
is  in  contact  with  the  cell  infiltration  in  the  corium.  Schtirmaun 
describes  the  acarus  as  sometimes  penetrating  deeply  into  the  deep- 
lying  connective  tissue  and  even  as  far  as  the  cartilage,  but  in  the 
micro-photograph  which  he  gives  the  acarus  is  obviously  surrounded 
by  epithelium,  and  is  simply  lying  in  a  depression  on  the  surface. 
There  being  very  little  distance  between  the  surface  epithelium  and 
the  cartilage,  the  animal  appears  to  have  penetrated  to  the  cartilage. 
All  the  corium  under  the  place  where  an  acarus  is  situated  is  filled 
with  a  dense  infiltration  of  small  round  cells,  and  probably  the 
greater  part  of  the  cell  infiltration  and  any  ulceration  which  may 
result  is  due  to  the  mechanical  irritation  and  pressure  produced  by 
the  animal  pulling  on  the  horny  masses  in  scratching  and  not  to  any 
destruction  of  the  epithelium  by  the  acarus  itself. 

The  disease  spreads  rapidly  from  one  rat  to  another.  Ascher 
gives  three  to  ten  days  as  the  time  it  takes  to  develop.  It  is  spread 
by  direct  contact,  or  by  infected  cages,  etc.  Ascher  (1910*)  put 
rats  in  a  cage  where  diseased  animals  had  been  kept  and  they  soon 
developed  the  disease. 

Into  a  cage  containing  two  healthy  mice  the  skin  of  a  rat  with 
typical  sarcoptic  scabies  was  placed  and  left  for  some  days,  but  after 
an  interval  of  a  month  neither  of  the  mice  showed  any  signs  of  the 
disease.  On  two  dilfereut  occasions  considerable  quantities  of  material 
containing  living  sarcoptes  and  their  ova  from  the  ears  of  -rats 
were  placed  in  the  nest  beside  the  mice,  but  with  no  result.  Therefore, 
from  the  fact  that  the  mice  in  the  laboratory,  although  living  in  and 
near  cages  where  rats  with  sarcoptic  scabies  were  or  had  been,  did 
not  develop  the  disease,  and  from  the  fact  that  inoculation  from 
iliseased  rats  had  no  result,  and  also  from  the  appearance  of  the 
sections  from  a  mouse's  ear  to  be  described  later,  one  must  conclude 
that  mice  are  probably  not  susceptible  to  the  sarcoptic  scabies  of 
the  rat. 

In  order  to  test  the  infoetiveness  of  rat  scabies  for  tlie  rabbit,  a 
rat  with  marked  scabies  was  placed  in  the  same  cage  as  a  healthy 
rabbit.  The  rat  usually  slept  across  the  back  of  the  neck  of  the 
rabbit,  the  rabbit's  ears  lying  back  over  the  top  of  the  rat.  In  this 
way  they  came  into  very  close  and  prolonged  contact,  and  although  these 
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animals  lived  together  for  more  than  three  months  the  rabbit  never 
contracted  the  disease. 

These  results  are  similar  to  those  obtained  by  Schiirmaun  and 
Ascher,  who  also  failed  to  inoculate  mice  and  rabbits  from  the  rat. 
vSchiirmann  also  tried  to  inoculate  dogs  and  guinea-pigs  from  the 
rat,  but  without  result. 

The  same  two  observers  report  that  the  man  who  attended  to 
their  rats  developed  an  eruption  on  the  back  of  the  hands  due  to 
an  infection  with  rat  sarcoptes  which  were  found  on  the  hand.  It 
got  well  in  a  short  time. 

The  treatment  of  rat  scabies  is  simple.  Dr.  Ford  Eobertson, 
Pathologist  to  the  Scottish  Asylums  Laboratory,  informs  me  that  \w 
has  eradicated  the  disease  by  putting  the  rats  among  abundant  straw, 
by  rubbing  themselves  through  which  they  clean  themselves. 

Scabies  in  Mice. 

As  scabies  among  rats  was  so  prevalent,  one  naturally  made 
investigation  to  try  and  find  out  whether  it  also  occurred  among 
mice.  In  the  laboratory  it  has  never  been  noticed  aftecting  the  mice, 
although  mice  have  frequently  been  put  in  cages  where  rats  suflerinu 
from  scabies  had  previously  been  kept.  On  inquiry,  however,  Di. 
Ford  Eobertson  informed  me  that  some  time  ago  several  of  the  mice 
with  which  he  was  working  had  shown  warty-looking  growths  on  the 
ears  and  about  the  head.  The  disease,  however,  had  now  disappeared 
from  the  mice,  so  that  unfortunately  I  did  not  see  any  of  the  livint' 
animals  showing  it.  Dr.  Ford  Eobertson,  however,  kindly  gave  me  ;i 
mouse  which  had  been  preserved  in  formalin  for  some  months.  Tlli^ 
animal  presented  one  small  crusted  warty -looking  lesion  on  the  rim  oi 
the  ear,  not  unlike  the  lesion  observed  on  the  rat's  ears.  Tlie  atlected 
jiart  of  the  ear  was  put  through  paraffin  and  serial  sections  were  cut. 

The  sections  show  here  and  there,  lying  on  the  surface  of  the 
skin,  parasites  which  differ  somewhat  from  the  sarcoptes  observed  on 
the  rat's  ears.  They  are  larger  than  the  sarcoptes,  and  not  so  rounded 
in  shape.  On  the  other  hand,  they  are  not  so  large  as  tlie  psoropti^ 
seen  on  the  rabbit's  ear.  They  lie  on  tlie  surface  of  the  skin  and  an 
not  embedded  at  all  in  the  epithelium.  That  fact  alone  is  sullicieni 
to  exclude  this  parasite  from  the  group  of  sarcoptes  which  aic 
characterised  by  their  burrowing  in  the  horny  layer  of  the  skin. 
There  is  no  sign  of  any  change  in  the  skin  subjacent  to  these  parasitc.- 
but  at  a  short  distance  from  the  acari  there  is  an  area  of  very 
marked  inflammation  of  tlic  skin.  The  whole  of  the  skin  is  infiltrated 
with  small  round  cells  right  down  to  the  subcutaneous  ti.ssue.  Tlu' 
surface  of  this  area  sliows  a  complete  disappearance  of  the  epithelium 
and  is  covered  witli  a  thick  crust  of  dried  exudate  and  leucocyte.^;. 
In   this  crust  there  arc  no  signs  of  acnri  or  of  their  fieces.     A'ery 
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uumerous  colonies  of  staphylococci  are  visible  in  and  below  the  crusts. 
These  lesions  are  apparently  of  the  nature  of  small  foci  of  suppuration, 
and  probably  due  to  inoculation  of  the  skin  with  pyogenic  organisms 
by  scratching.  As  no  further  material  could  be  obtained  one  could 
not  say  from  the  sections  alone  that  the  parasite  was  an  acarus.  It 
is  certainly  not  the  sarcopt  seen  in  rats. 

The  foregoing  table  of  measurements  was  made  to  show  the  relative  size  of 
the  acari  from  tlie  different  animals  compared  with  the  human  acaru.s.  The 
measurements  in  fractions  of  a  millimetre  were  made  from  several  acari  from 
(litferent  animals  sufl'ering  from  the  same  disease,  and  the  average  taken  for 
each  variety  of  acarus.  AVhat  strikes  one  most  about  these  measurements 
is  the  wonderful  uniformity  in  size  of  acari  of  the  same  kind.  The  largest 
sarcoptes  are  the  liuman ;  next  come  those  from  the  ferret.  Both  these  arc 
varieties  of  the  S.  scabiei.  Then  come  the  fox,  rat,  cat,  and  rabbit  sarcoptes, 
aU  in  order  of  size.  The  cat  and  rabbit  sarcoptes  belong  to  the  class  known  as 
S.  minor  and  are  very  similar  in  size,  whilst  the  sarcoptes  of  the  fox  and  rat 
are  very  nearly  of  equal  size  and  are  intermediate  between  the  S.  scabiei  and 
the  S.  minor.  The  small  size  of  all  these  sarcoptes  makes  it  almost  impossible 
to  see  them  with  the  naked  eye  amongst  the  scales,  etc.  in  which  they  lie. 
The  psoroptes  and  chorioptes,  however,  can  be  easily  recognised  with  the  naked 
eye.  The  chorioptes  of  the  cat  and  ferret  are  practically  identical  in  size  and 
microscopic  characters. 

Towards  the  expenses  of  this  research  a  grant  was  made  by  the 
Bi-itish  Medical  Association. 
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l)E.SCKirTIO\  OK  I'LATKS  .X.XXIV.-.XLII. 

Plate  .X.XXIV. 

Kir..  1. — Rabbit  siiUViing  from  sareoiitic  scabies. 

Kii:.  2. — Section  of  .skin  from  case  of  sarcoptic  scabies  iu   tlie  rabbit.     It   shows  acari 

embedded  deeply  in  the  liorny  layer  of  the  skin.     ( X  BO.) 
Kio.  3. — Female  sarcoptes  from  rabbit.     (xUiO.) 
Via.  4.— Section   of  ear   of    rabbit   sufTerin);   from    iisoroptic   sriiliios    showin};   layers   i>f 

crusts  filling  up  interior  of  ear.      Note  very  sm.ill  aiiioiiiit  of  cell   cxiulali' 

in  corium.     ( x6.) 
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Fig.  5. — Section  of  skin  from  case  of  sarcoptic  scabies  in  the  rabbit,  showing  acarus  in 
horny  layer  of  skin  and  also  the  spaces  left  in  the  crusts  on  surface  by  the 
acari  tunnelling  their  way  through.     (  x  50.) 


Plate  XXXV. 

Fig.  6. — Rabbit  suffering  from  psoroptic  scabies  inside  ear  and  sarcoptic  scabies  on  body, 
etc.     Note  distribution  of  eruption  on  face,  legs,  etc. 

Fig.  7. — Ralibit  showing  jisoroptic  scabies  inside  ear.  Uote  laminated  character  of 
crusts. 

Plate  XXXVI. 

Fig.  8. — Rabbit  showing  advanced  psoroptic  scabies  inside  ear  and  early  sarcoptic  scabies 
around  eye. 

Fig.    9. — Rabbit  showing  mixed  psoroptic  and  sarcoptic  scabies. 

Fig.  10. — Rabbit  showing  pure  psoroptic  scabies. 

Fig.  11. — Psoroptes  (male  and  female)  from  inside  of  ear  of  rabbit.     (  x  30.) 

Plate  XXXVII. 

Fig.  12. — Psoroptes  from  inside  of  rabbit's  ear.     (X20.) 

Fig.  13. — Psoroptes  from  inside  of  rabbit's  ear,  male.     (  X40.) 

Fig.  14. — Psoroptes  from  inside  of  rabbit's  ear,  female.     (xSO.) 

Fig.  15. — Rabbit  showing  psoroptic  scabies  of  face. 

Fig.  16. — Section  of  skin  from  ear  of  rabbit  with  psoroptic  scabies.  Note  hypertrophy  of 
Malpighian  layer  of  skin  at  places,  with  parakeratosis  of  horny  layer.  At 
places  tiiere  is  almost  complete  disappearance  of  the  epithelial  layers.  The 
coi'ium  is  tilled  up  with  a  dense  inliltration  of  small  round  cells. 

Plate  XXXVIII. 

Fig.  17. — Ova,  etc.  from  ear  of  rat  suffering  from  sarcoptic  scabies.     Note  young  acari 

just  hatched,  unhatched  ova  and  also  empty  egg  cases.     (X50.) 
Fig.  18. — Rat  showing  sarcoptic  scabies.     Note  lesions  on  tip  of  nose,  ears,  legs,  and  tail. 
Fig.  19. — Rats  with  sarcoptic  scabies.     Note  warty  growths  on  ears. 
Fig.  20.— Female  sarcopt  of  rat.     ( x210. ) 
Fig.  21. — Slightly  enlarged  view  of  warty  growths  on  rat's  ears  in  sarcoptic  scabies. 

Plate  XXXIX. 

F'lG.  22. — Section  of  ear  of  rat  with  scabies.  Space  seen  where  acarus  has  dropped  out. 
Note  depression  of  epithelium  with  ulceration  at  one  place  ;  also  marked  small- 
celled  inliltration  of  corium.     (XlOO.) 

Fig.  23. — Sections  of  rat's  ear  with  scabies.  Note  sarcopt  embedded  in  depression  on  the 
surface.     (  x  25.) 

P'lo.  24. ^High-power  view  of  same  as  last,  showing  acarus  and  cell  infiltration.     ( x  100.) 

Fio.  25. — Head  of  guinea-pig  infected  with  sarcoptic  scabies  from  the  rabbit. 

Fig.  26. — Female  sarcopt  from  a  cat.     (  x  60.) 

Fig.  27.— Female  sarcopt  from  a  human  being.     (  x  70.) 

Fig.  28.— Female  sarcopt  from  a  fox.     (  x  90. ) 
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Tlate  XL. 

Fig.  29. — Guinea-pig  infected  with  sarcoptic  scabies  from  a  rabbit. 
Fio.  30. — Section  of  skin  from  mouse's  ear.     Scabies?    (xlO.) 
Fig.  31. — Chorioptes,  male  and  female,  from  ear  of  cat.     (  x  60. ) 
Fig.  32. — Chorioptes  from  ear  of  cat,  male.     (  x  70.) 
Fig.  33. — Chorioptes  from  ear  of  cat,  female.     (  x  70. ) 

Pl.\te  XLI. 

Fig.  34. — Slightly  enlarged  view  of  ferret's  foot  showing  sarcoptic  scabies. 
Fig.  35. — Slightly  enlarged  view  of  ferret's  ear  showing  sarcoptic  scabies. 
Fig.  36. — Sarcoptes  from  ferret,  male.     (  x  120.) 
Fig.  37. — Sarcoptes  from  ferret,  female.     (  x  120.) 
Fig.  38. — Tail  of  ferret  with  sarcoptic  scabies. 

Fig.  39. — Section  of  ear  of  ferret  showing  sarcoptes  embedded  in  horny  la3'er  of  skin,  and 
tunnelling  of  the  crusts  by  acari.     (  x  20.) 

Plate  XLII. 

Fig.  40. — Section  of  tail  of  ferret  showing  same  as  last.     (  x  30.) 
Fig.  41. — Section  of  ear  of  mouse  showing  acarus  ?     (x20.) 
Fig.  42. — Chorioptes  (female)  from  ear  of  ferret.     (  x  100.) 
Fig.  43. — Chorioptes  (male)  from  ear  of  ferret.     (  x  100.) 
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FUNGUS  INFECTIONS  OF  THE  FINGEE-NAILS.^ 

By  R.  CRANSTON  LOW,  M.B.,  F.R.C.P., 

Assistant  Pliysician  to  the  Skin  Department  of  the  Royal  Infirmary, 
Edinburgh. 

Ix  his  handbook  of  Diseases  of  the  Skin  (1907),  "Whitfield  states 
that  fungus  infections  of  the  nails  are  probably  commoner  than  is 
generally  supposed.  That  statement  is  borne  out  by  the  fact  that 
within  the  last  three  years  I  have  had  the  opportunity  of  observing 
no  fewer  than  19  eases;  17  of  these  were  seen  as  out-patients  in 
the  Skin  Department  of  tlie  Eoyal  Infirmary  under  Dr.  Norman 
Walker's  care,  and  to  him  I  am  indebted  for  permission  to  record 
them.     For  one  case,  which  was  an  out-patient  at  Leitli  Hospital, 

1  am  indebted  to  Dr.  Langwill. 

I  do  not  propose  to  describe  each  case  separately.  They  fall 
into  three  groups,  viz. — (1)  Ringworm  of  the  nails;  (2)  Favus  of 
the  nails ;  (3)  a  Fungus  Infection  of  the  nails  of  unknown  origin. 

As  the  cases  of  ringworm  form  the  most  important  group, 
they  will  be  dealt  with  first.  There  were  16  of  these  ringworm 
cases,  14  of  which  belonged  to  Edinburgh  and  2  to  Leith. 

A  curious  fact  was  the  predominance  in  the  female  sex — oidy 

2  being  in  males.  This  predominance  is  difficult  to  explain. 
Torok  says  that  tinea  unguium  is  commoner  in  those  who  manicure 
the  nails,  and  probably  injure  them  in  so  doing,  but  the  majority 
of  our  patients  were  not  of  the  class  which  bestows  much  care  on 
the  nails.  It  is  possible  that  the  frequent  washing  of  infected 
material,  e.ff.  clothes,  &:c.,  may  be  the  reason  why  females  so 
frequently  suffer. 

Ringworm  of  the  nails  may  occur  at  any  period  of  life.  The 
youngest  of  my  cases  was  11,  and  the  oldest  58  years  of  age. 
The  majority  were  girls  of  between  20  and  30  years.  This  age- 
incidence  corresponds  more  nearly  to  that  of  tinea  corporis  than 
of  tinea  capitis. 

Ringworm  of  the  nails  is  very  rare  in  chihhcn  with  ringworm 
of  the  scalp.  Sabouraud,  in  I'Ecole  Lailler,  where  there  were 
always  about  300  children  with  ringworm  of  the  scalp,  iu  four 
years  saw  only  2  cases  where  the  nails  were  atl'ected.  This  infre- 
quency  of  nail  infection  in  children  with  ringworm  may  be  partly 

'  Friiiu  ihi-  SUiu  Di'iiarlmunt  of  the  Royal  liilirmary  ami  lliu  Laboratory 
of  the  Royal  College  of  Physiiians,  Edinburgh. 
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due  to  the  fact  that  ringworm  of  the  nails  is  always  due  In  the 
large-sjiore  fungus,  but  even  amongst  children  sufiering  from  large- 
spore  tinea  of  the  scalp  nail  affections  are  very  rare.  I  think  the 
most  probable  explanation  is,  that  because  tinea  capitis  so  rarely 
causes  any  itching  there  is  no  tendency  to  scratch  and  so  infect 
the  nails.  The  inflamed  ringworms  (kerion)  are  also  too  tender 
to  allow  of  scratching. 

Source  of  Infection. — The  source  of  infection  was  difficult  lu 
trace  in  many  of  the  cases.  In  only  1  of  the  16  cases  did  tlie 
patient  suggest  that  the  disease  was  due  to  an  infection  from  any- 
one else.  The  patient  blamed  the  washing  of  clothes  worn  by  hei- 
husband  and  son,  who  had  what  was  apparently  tinea  barbte.  In 
all  the  other  cases  the  patient  had  no  idea  of  the  condition  beiii- 
a  contagious  one.  In  another  case  there  is  also  little  doubt  tli.ii 
the  disease  was  contracted  from  her  brother  who,  I  know,  luul 
tinea  barbas  at  the  time  when  her  nails  became  infected,  but  as 
cultures  were  not  made  from  the  brother's  beard  I  cannot  say 
whether  or  not  both  conditions  were  due  to  tlie  same  fungus. 

Two  of  the  cases  were  husband  and  wife  and  other  two  were 
sisters,  and  in  these  cases  there  was  proliably  either  a  common 
source  of  infection  or  infection  the  one  from  the  other. 

One  woman  was  undoubtedly  infected  from  her  children,  who 
had  tinea  capitis  of  large-spore  variety.  In  washing  and  rubbing 
their  lieads  she  contiacted  ringworm  of  the  hands  and  fingers,  I  he 
disease  later  spreading  to  the  nails.  In  this  case  cultures  showed 
that  the  same  fungus  was  present  in  the  nails  as  on  the  children',- 
heads.  This  method  of  infection  has  been  previously  described  by 
Vidal,  who  noticed  that  nurses  who  epilated  ringworm  cases  at  tbe 
Hopital  St.  Louis  in  Paris  frequently  became  infected  with  rin;_;- 
worni  of  the  nails. 

In  all  the  other  cases  absolutely  no  source  of  infection  could 
be  traced  either  from  previous  lesions  on  their  own  skins,  from 
infection  from  their  relatives  or  friends,  or  from  animals.  Eaeb 
patient  was  particularly  questioned  with  regard  to  these  points. 

In  two  cases  there  was  a  iiistory  of  injury  to  tlie  nail  shortly 
before  the  disease  began,  and  it  is  possible  tiiat  infection  may  ha\  e 
taken  place  at  that  time. 

One  case  was  associated  with  spium-nails  (enilonychia).  Tlie 
spoon-nail  was  well  marked  in  all  the  nails,  and  possibly  sucli  nails 
are  more  liable  to  fungus  infections  tiian  normal  ones. 

Duration. — The  duraliim  of  tiie  disease  varied  from  tin-ee  weeks 
up  to  seven  years,  the  average  time  being  about  four  years.     Only 
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a  very  few  of  the  cases  had  been  previously  treated,  and  in  some 
the  disease  was  discovered  accidentally,  when  the  patient  came 
complaining  of  some  other  condition. 

Extent. — The  number  of  nails  affected  in  each  case  varied  from 
one  up  to  seven.  No  one  nail  was  more  often  affected  than  another. 
In  one-half  of  the  cases  both  hands  were  affected,  in  the  other 
half  only  one  hand.  In  the  8  cases  of  the  latter  group,  4  showed 
the  disease  on  the  right  hand  and  4  on  the  left.  In  none  of  the 
cases  were  the  toe-nails  affected. 

Diagnosis. — The  diagnosis  in  all  cases  was  comparatively  easily 
made,  the  appearance  of  tlie  nails  being  very  constant.  In  all 
previously  recorded  cases  the  authors  lay  stress  on  the  splitting 
up  and  splintering  off  of  the  free  margin  of  the  nail.  This  is 
characteristic  of  the  disease,  but  as  the  patients  often  clip  away 
any  loose  parts,  the  nail  frequently  does  not  show  this  to  any  great 
degree.  The  colour  of  the  nails  has  been  variously  described  from 
a  yellow-white  to  a  brown  or  black  colour.  In  nearly  all  my  cases 
I  Jiave  found  that  there  are  definite  zones  presenting  different 
colours  and  appearances,  these  zones  being  very  constant  in  arrange- 
ment. The  infection  seems  to  take  place  from  the  under  surface 
of  the  free  margin  of  the  nail.  At  the  tip  the  nail  becomes  under- 
mined, dark  in  colour,  and  softer  than  normal,  so  that  if  a  blunt 
instrument  be  inserted  under  it  some  of  the  softened  nail  substance 
can  be  easily  removed.  The  disease  slowly  spreads  up  the  nail,  and 
as  it  spreads  the  nail  becomes  more  broken  up,  till  finally,  when 
the  whole  of  it  is  infected,  the  free  margin  breaks  off  in  splinters 
of  a  dirty  white  colour.  These  broken  parts  at  the  tip  are  easily 
renaoved.  Then  comes  a  zone  where  the  nail  is  light  yellow  in 
colour,  longitudinally  striped  with  darker  lines.  At  this  level 
pieces  of  the  nail  can  be  scraped  off  only  witii  difficulty.  Further 
up  still  there  is  a  peculiar  dark  yellowish-red  zone,  fairly  smooth 
on  the  surface,  and  showing  very  little  tendency  to  split  up.  These 
three  zones  were  distinctly  seen  in  most  of  the  affected  nails,  and 
appear  to  me  to  be  very  characteristic  of  the  condition,  more 
especially  the  yellow-red  zone  at  the  upper  part.  This  yellow-red 
smooth  area  represents  the  spreading  edge,  where  the  infection  is 
nnly  just  beginning.  In  the  light  yellow  area  further  down,  the 
nail  is  permeated  with  the  fungus,  but  not  yet  sufficiently  so  as 
to  cause  the  nail  to  break  up.  The  tip  is  the  part  of  the  nail  which 
has  been  longest  infected,  is  thoroughly  permeated  by  the  fungus, 
and  so  is  split  up  and  cast  off.  These  zones  look  as  if  they  were 
stationary,  whereas  in  reality  the  upward  growth  of  the  fungus  is 
simply  keeping  pace  witli  tlie  downward  growtli  of  tlie  nail. 
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In  addition  to  these  colour  changes  and  splitting  up,  there  is 
also  in  many  cases  a  heaping  up  of  the  nail  into  irregularis' 
arranged  prominences  with  dark  blackish-brown  depressions 
lietween.  When  the  nail  remains  flat  the  nail  substance  is 
probably  the  only  part  affected  with  the  fungus,  but  when  it 
liecomes  raised  up  and  distorted  the  nail-bed  is  probably  also 
aftected.  In  many  cases  the  lunule  has  disappeared  altogether, 
and  the  tissues  at  the  base  of  the  nail  are  red  and  somewhat 
swollen.  In  such  cases  the  nail  is  very  distorted,  and  it  is  an 
indication  probaltly  that  the  growing  nail  matrix  is  invaded  b)' 
the  fungus.  Apart  from  the  disfigurement  there  are  no  symptoms 
associated  with  the  disease. 

Microscopic  AjJpcct radices. — In  all  the  cases  the  diagnosis  was 
confirmed  by  microscopic  examination.  Pieces  of  tlie  nail  were 
scraped  off  with  a  sharp  spoon  or  clij)ped  off  with  scissors,  put  in 
liquor  potasste  (6  per  cent.)  and  gently  heated  for  a  few  minutes. 
They  all  showed  the  same  appeai-ances.  Inside  the  nail  substance 
branching  mycelium  and  spores  are  to  be  seen.  The  spores  are 
square  in  shape  and  arranged  very  characteristically  in  rows.  If 
the  fungus  is  not  visible  at  once  tlie  pieces  of  nail  should  be  left 
in  the  caustic  potash  over  night,  and  if  it  is  present  at  all  there  is 
no  difficulty  in  seeing  it  next  morning.  In  some  of  the  cases  fungus 
was  not  found  in  the  first  pieces  of  nail  examined.  Tlierefore  in 
all  cases  of  suspected  fungus  disease  of  the  nails  scrapings  sliould 
be  repeatedly  examined.  I  would  also  strongly  recommend  that 
in  every  case  where  a  patient  presents  a  splitting  up  of  the  nails, 
which  does  not  affect  all  of  them,  that  a  thorough  examination  be 
made  for  the  presence  of  fungus.  Finding  of  the  typical  fungus 
is  proof  positive  of  ringworm,  but  tlie  failure  to  do  so  on  first 
examination  does  not  necessarily  exclude  that  disease. 

An  attempt  was  made  to  stain  the  fungus  in  the  nails  by 
gentian  violet  and  otlier  stains,  but  tiio  results  were  not  satis- 
factory. For  all  practical  jnirposes  the  caustic  potash  method  is 
quite  sufficient. 

Cultures. — In  order  to  determine  the  kind  of  fungus  present 
cultures  were  made  from  the  nails  of  8  of  the  patients.  Pieces  of 
nail  were  scraped  or  clipped  off  and  jilaced  for  2  or  :'■  minutes  in 
absolute  alcohol.  Whilst  in  the  alcohol  tliey  were  broken  up  \nU) 
as  small  pieces  as  possible.  These  were  allowed  to  dry  for  a  few 
minutes  and  tlien  implanted  on  Sabouraud's  proof  medium,  which 
contains  4  per  cent,  maltose,  10  per  cent,  peptone,  and  1'5  percent, 
agar.     The  cultures  were  kept  at  a  temperature  of  20'  C.     Some 
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of  them  showed  a  pure  culture  of  the  fungus,  Imt  the  majority 
contained  also  staphylococci,  various  yeasts,  and  penicillium  glau- 
eum,  but  by  early  subculture  the  fungus  was  easily  isolated.  In 
5  of  the  cases  trichophyton  craterifornie  tiavum  (primrose  coloured) 
was  obtained.  These  cultures  are  the  same  as  that  described  by 
Colcott  Fox  in  cases  of  ringworm  of  the  body  and  scalp  in  London. 
This  culture  begins  as  a  white  downy  growth,  which  very  soon  shows 
a  central  depression  and  the  characteristic  sulphur  yellow  colour. 
The  central  depression  enlarges  till  a  typical  crater  is  formed.  In 
some  there  are  radiating  depressions  running  outwards  from  the 
crater  in  the  centre,  in  others  these  are  not  marked.  The  surface 
of  the  culture  looks  powdery,  and  in  old  cultures  the  centre  crater 
area  becomes  brownish  in  colour  and  cracked.  If  these  cultures 
are  kept  for  some  time  a  change  takes  place.  There  appears  a 
wlutish  growth,  which  gradually  spreads  over  the  yellow  culture 
and  obscures  it.  This  is  the  pleomorphic  change  which  occurs  in 
all  old  ringworm  cultures  which  are  grown  on  media  containing 
sugar,  such  as  maltose.  Subcultures  from  this  altered  culture 
give  very  beautiful  whitish-yellow  growths  which  are  distinctly 
crateriform. 

The  cultures  from  other  two  of  my  cases  correspond  to  the 
trichoi)hyton  rosaceum,  which  is  the  large-spored  fungus  found  on 
birds.  The  young  cultures  are  Huffy  and  white,  but  soon  show  a 
delicate  pink  colour,  and  in  some  of  the  growths  a  yellowish  tinge 
also  in  the  centre.  They  are  raised  in  tlie  centre  and  have  a  few 
radiating  depressions.  These  cultures  also  rapidly  tend  to  show  a 
pure  white  pleomorphic  growth. 

From  another  case  peculiar  cultures  were  obtained.  At  first 
they  were  contaminated  by  staphylococcus  citreus.  They  were 
repeatedly  subcultured  and  a  growth  obtained  which  had  a  pink 
tinge  in  places.  On  making  subculture  from  the  white  and  pink 
parts  two  distinct  cultures  were  obtained.  Unfortunately  the 
growth  of  these  cultures  was  not  watched  very  closely,  and  I 
cannot  say  definitely  whether  the  culture  was  originally  white  all 
over  or  whether  there  was  a  mixture  of  pink  and  white  from  the 
first.  Tlie  white  culture  corresponds  somewhat  to  the  trichopliyton 
accuminatum  in  its  appearances,  but  is  smoother  on  its  surface. 
Until  I  have  watched  its  growth  by  further  subculture  I  am  not 
prepared  to  say  whether  it  is  the  trichophyton  accununatum  or  a 
pleomorphic  form  of  the  pink  cidture. 

So  far  as  I  can  find  from  the  literature,  Sabouraud  and  Favera 
are  the  only  two  observers  wlio  have  previously  investig.ated  the 
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kinds  of  cultures  obtained  in  ringworm  of  the  nails.  Sabouraud 
found  trichophyton  aecuniinatum  and  trichophyton  violaceum ; 
Favera  obtained  trichophyton  violaceum  and  trichophyton  rosa- 
ceum.  To  these  must  now  be  added  the  tiiehophyton  erateriforme 
flavum  found  in  my  cases. 

Treatment. — The  treatment  in  these  cases  was  difficult.  Many 
of  them  were  only  seen  once,  so  that  I  do  not  know  whether  the 
treatment  recommended  was  ever  carried  out  or  not.  All  methods 
of  treatment  have  for  their  object  the  softening  and  mechanical 
removal  of  as  much  of  the  diseased  nail  as  possible  and  the 
application  of  some  continuous  antiseptic  dressing. 

The  easiest  method  is  to  keep  the  nail  covered  with  an  india- 
rubber  finger-stall  after  applying  ung.  hydrarg.  ammoniat.  night 
and  morning.  Of  course  the  softened  nail  must  be  scraped  away 
every  day.  One  of  the  cases  was  cured  by  this  method  in  3  months, 
but  in  the  majority  of  cases  that  method  is  quite  inefieetual.  A 
better  method  is  Harrison's,  i.e.  in  addition  to  the  i-egular  daily 
scraping  a  solution  of  pot.  iodid.,  5j-  iu  liq.  potassa?,  and  aq.  destill, 
aa  3SS.,  is  applied  for  half  an  hour  on  a  piece  of  cotton-wool.  It  is 
then  removed,  and  for  the  rest  of  the  24  hours  a  solution  of  hydrarg. 
perchlor.,  grs.  iv.  in  spir.  vini,  and  aq.  destill.,  aa  ,^ss.,  is  applied  on 
lint  and  the  finger  covered  with  an  india-rubber  finger-stall.  Tiiese 
applications  are  repeated  daily  till  the  nail  becomes  black  and  so 
soft  that  it  can  be  removed.  In  one  case  a  cure  was  effected  by 
the  above  method  in  2  months.  The  reason  for  the  failure  in  tii' 
other  cases  in  which  it  was  tried  was  that  the  patients  stoi)])ed  tlir 
applications  as  soon  as  the  nails  became  the  least  painful.  To  gci 
a  good  result  the  patient  must  be  seen  fr('i|Upntly,  and  the  nails 
scraped  l)y  the  doctor  himself. 

A  new  method  which  has  given  encouraging  results  is  onr 
devised  by  Ur.  Norman  "Walker.  He  applies  Fehling's  test  solu- 
tion on  lint  to  the  nail,  covers  it  with  a  finger-stall,  and  leaves  ii 
on  for  a  day  or  two.  At  the  end  of  that  time  the  whole  nail  is  s" 
soft  and  l)ulpy  tliat  it  can  easily  be  removed  by  forceps.  After  tli' 
nail  is  removed  a  solution  of  copper  sulpliate,  grs.  10  in  water  ,-,j.. 
u.sed  as  a  continuous  dressing.  With  this  method  gooil  resuli- 
were  obtained  in  some  of  the  cases;  but  whatever  method  is  u.sed 
long  and  painstaking  treatment  is  e.ssential  for  a  successful  resuli. 
When  the  disease  is  cured  the  nail  grows  in  again  without  any 
def(U-mity. 

Favus  Cases. — 1  have  ciily  .seen  2  cases  of  favus  of  the  nail 
Tiiese  were  both  in  childirn  with  favus  of  the  scalp.     The  ap]ie;ii 
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;iiice  of  the  nails  is  very  similar  lo  that  of  tinea,  but  the  nails  are 
yellower  in  colour.  A  mass  of  fnngus  also  tends  to  accumulate  like 
a  scutuluni  underneath  the  nail  and  raise  it  up.  The  diagnosis  is 
made  by  finding  the  fungus  microscopically,  and  the  treatment  the 
same  as  in  ringworm. 

The  other  fungus  infection  which  I  wish  to  mention  occurred 
in  a  girl  aged  22,  in  whom  3  nails  had  been  diseased  for  10  years. 
The  nails  were  greenish-yellow  in  colour  and  splintering  off. 
There  was  also  some  heaping  up  of  the  nail  at  places.  Scrai)ings 
from  the  nails  showed  that  fungus  was  present,  but  it  differed 
altogether  from  the  fungus  seen  in  the  ringworm  and  favus  eases. 
The  mycelium  was  very  fine,  and  in  long  slightly  branched  threads. 
The  spores  were  arranged  in  bunches,  and  were  round  or  pear- 
shaped.  Cultures  gave  a  fluffy  greyish-wliite  growth.  This  culture 
is  certainly  not  a  ringworm  or  favus,  but  without  further  observa- 
tion I  am  not  prepared  to  say  to  wiiat  class  of  fungus  this  one 
belongs.  The  nails  were  removed  in  this  case  after  beuig  softened 
by  caustic  potash,  but  some  weeks  later  the  new  growing  nail 
was  still  found  to  be  infected  with  the  fungus. 

Towards  the  expenses  of  this  research  a  grant  was  made  by 
the  British  ]\Iedical  Association. 
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ON  AN  OUTBREAK  OF  SCARLET 
FE\'ER  IN  A  SMALL  SCOTTISH 
BURGH,  ASSOCIATED  WITH  MILK, 
THE  COWS  SUPPLYING  WHICH 
WERE  AFFECTED  WITH  A  TEAT 
ERUPTION. 

By  FRED.  DITTMAR,  M.D.,  D.P.H., 

Medical   Inspector  under  the  Local  Government  Board 

for  Scotland  ;  and 

J.  P.  iMcGOW.-\N,  M.D.,  B.Sc, 

Bacteriologist,  Royal  College  of  Physicians'  Laboratory 

Edinbmgh. 

T-IAVIXG  ret,'ard  to  the  e.xcellent — and,  we 
think,  on  the  whole,  fair — resume  of  the 
literature  on  this  subject  by  Professor  Gofton, 
read  at  the  meeting  of  the  Association  of 
Veterinary  Officers  of  Health,  in  Glasjjow,  on 
September  29th,  igio,  and  published  in  the 
I  'eterinaiy  Journal  for  October,  igio.we  consider 
it  unnecessary  to  deal  here  at  greater  length  with 
the  literature,  and  would  refer  those  interested 
to  his  paper.  Our  reason  for  publishing  a  note 
on  this  outbreak  is  that  the  eruption  seems  to 
have  appeared  on  the  teats  of  the  cows  some 
time  i(/':)'  the  outbreak  of  scarlet  fever  had 
begun.  In  most  of  the  epidemics  recorded  the 
eruption  existed  on  the  cows'  teats  for  some 
time  previous  to  the  outbreak  of  scarlet  fever: 
this  epidemic  being  exceptional  in  that  respect, 
we  thought  it  worth  recording. 

In  the  spring  of  the  present  year  an  outbreak 
of   scarlet    fever   arose    in    a   small    industrial 


burgh  of  some  two  thousand  inhabitants  in 
Scotland.  There  were  eightj'-one  cases  in  all, 
of  whom  one  died.  Of  the  cases  sixty-one  were 
treated  in  hospital — where  the  death  occurred — 
and  twenty  were  treated  at  home. 

The  circumstances  of  the  outbreak  seem  to 
us  worthy  of  being  put  on  record,  although  the 
actual  source  of  the  infection  of  the  milk  was 
not  discovered.  The  teat  eruption  on  certain 
of  the  cows  that  supplied  the  milk  was  probably 
no  more  than  a  coincidence.  It  is,  however, 
necessary  to  state  that  our  investigation  did 
not  begin  till  April  30th,  by  which  time  the 
most  acute  period  of  the  outbreak  was  past. 
Course  of  the  Outbreak. 

The  outbreak  began  in  the  second  week  of 
April,  and  continued  through  May  and  June, 
the  last  case  having  been  notified  on  June  23rd. 
The  majority  of  the  cases  sickened  in  April, 
from  the  loth  onwards,  no  less  than  fifty-one 
having  sickened  between  that  date  and  the 
last  day  of  the  month.  The  later  cases  were 
largelj'  secondary  to  former  cases  in  the  same 
household,  and  need  not  be  considered  from 
the  setiological  point  of  view. 

Cause  of  the  Outbreak. 

The  outbreak  was  sudden  in  its  onset,  and 
stood  by  itself,  there  having  been  no  cases  of 
scarlet  fever  notified  in  the  town  between 
January  loth  and  April  14th  of  this  3-ear.  But 
during  last  autumn  and  winter  (between 
September  gth,  1909,  and  January  loth,  1910) 
fifty-one  cases  of  scarlet  fever  had  been  notified 
to  the  medical  officer  of  iiealth. 

Detailing  the  sickenings  in  April,  we  find 
that  seven  cases  sickened  between  the  loth 
and    \.\ih,   thirty-three  between   the   15th   and 


22nd,  and  eleven  between  the  23rd  and  3otli 
April,  or  in  all  fifty-one  sickenings   in  the  last 
three  weeks  of  the  month.     The  suddenness  of 
the  onset  of  the  disease,  and  its  occurrence  in 
more   than   one    member   of    several    families 
about  the    same  time,  suggested   milk  as  the 
probable    cause  of  the  outbreak;    and   on    in- 
vestigating   the    milk   supply   of  the  first   fifty 
cases    it    was    found    that    twenty-eight     had 
obtained  all  their  milk   from    dairyman    "  A," 
while  eighteen  had  had  milk  both  from  dairy- 
man "  A  "  and  from  dairyman  "  B."     Only  two 
had   no   milk  from   dairyman    "  A."     The   age 
incidence  of  the  first  forty-nine  cases,  of  which 
the  ages  are  known,  was  the  following : — • 
2  were  under  5  years  of  age, 
14  weie  above  5  and  under  10  years, 
13  were  above  10  and  under  15  years,  while 
20  were  above  15,  13  of  them  being  over  18  years 
of  age.     Of  the  20  cases  over  15,  12  were  females 
and  <S  males. 

The  age  incidence  of  the  disease  showed  that 
it  was  largely  prevalent  among  those  over 
school  age,  while  the  number  affected  at  about 
the  same  time  was  also  against  the  idea  of  case 
to  case  infection. 

The  facts  as  to  the  milk  supply  of  the  cases 
have  already  been  drawn  attention  to,  and  the 
conclusion  drawn  was  that  the  milk  from 
dairyman  "  A"  was  associated  with  the  spread 
of  the  disease,  and  probabl}-  caused  it.  This 
was  strengthened  by  the  local  distribution  of 
the  cases  in  the  burgh,  which  coincided  with 
the  area  served  by  the  dairyman's  cart,  as  was 
well  brought  out  by  a  casual  remark  from  the 
local  sanitary  inspector  that  the  disease  did 
not  go  higher  up  tiie  hill  than  a  certain   house. 


which  was  the  last  at   which   "A's"   cart  left 
milk. 

Up  till  Ma}-  29th  four  cases  of  scarlet  fever 
had  occurred  among  the  dairyman's  county 
customers,  who  numbered  about  twenty-one. 
Three  cases  sickened  in  April,  viz. :  on  i6th, 
24th  and  25th.  In  the  case  of  the  first,  all  the 
milk  came  from  dairyman  "  A."  In  the  other 
three,  part  of  their  milk  supply  was  from  that 
source.  The  first  two  cases  (females)  were 
aged  seventeen  and  sixteen  years  respectively, 
and  were  in  the  burgh  daily  ;  the  third,  aged 
six  years,  was  a  boy  in  school  in  the  burgh. 
Description  of  Dairy  and  of  the  Milk 
Business. 

The  dairy  premises  are  situated  a  little  out- 
side the  burgh  and  consist  of  two  cowsheds,  in 
which  there  were  twelve  and  four  cows  re- 
spectively on  April  30th.  The  cowsheds 
are  constructed  of  wood,  and  were  airy,  clean 
and  light  when  visited.  The  animals  looked 
well  cared  for,  an  J  seemed  to  be  groomed 
regularly. 

The  milk-house,  at  some  distance  from  the 
byres  and  also  constructed  of  wood,  was  clean  ; 
it  did  not  communicate  with  the  dwelling-house. 
The  facilities  for  the  cleansing  and  washing  of 
milk  dishes  were  satisfactory  and  were  situated 
in  a  separate  outhouse.  At  some  distance  from 
the  byres  was  a  piggery,  \\hich  was  clean  and 
well  kept  when  seen. 

The  water  supply  was  obtaineil  from  n  ilip 
well,  built  up  above  the  level  of  the  ground  and 
covered.  We  were  informed  that  it  had  been 
clay-puddled  around  its  entire  e.xtent  for  a 
distance  of  several  feet  from  the  surface  some 
years  ago.     The  dungstead  was  at  a  lower  level. 


and  at  some  distance  away.  Manure  was  not 
allowed  to  lie  on  the  ground  near  the  well :  on 
several  visits  to  the  ground  no  contamination 
of  the  surface  in  the  vicinity  of  the  cowsheds  or 
of  the  well  was  obser\e(i. 

The  dwelling-house,  the  under-floor  of  which 
is  used  pa:  tly  as  a  wa3'side  inn,  is  quite  separate 
from  the  cowsheds  or  an\-  of  the  outhouses  used 
in  the  milk  business.  It  was  tidy  and  in  all 
respects  satisfactor\' on  the  several  occasions  on 
which  it  was  visited.  The  dairy  people 
impressed  us  favourably,  being  intelligent  and 
cleanly. 

They  comprised  the  following  :  — 

1.  The  dairyman's  mother. 

2.  The  dair\'man. 

3.  His  sister. 

4.  The  dairymaid,  an  employee. 

5.  An  old  man,  who  prepared  food  for  the 
cattle,  broke  up  oil-cake,  etc. 

Of  the  above,  the  mother  took  no  part  in  the 
dairy  business ;  nor  did  the  old  man  who  pre- 
pared the  cows'  food  do  any  milking. 

The  dairyman  and  the  maid  alone  attended 
to  the  cattle  in  the  byres,  and  milked  the  cows. 
The  dairyman's  sister  did  not  milk,  but  cleaned 
the  milk  dishes  and  helped  generally  in  the 
business.  Everyone  in  the  dairy  was  examined 
by  the  county  medical  officer  of  health  and  bj' 
one  of  US.  Nil  evidence  of  scarlet  fe\-er  was 
fouiiil  ill  :in3'i)ne  ;  nor  was  there  any  suspicious 
history,  such  as  recent  sore  throat,  in  the  case 
of  any  of  the  people  at  the  dair)'.  No  one 
showed  evidence  of  sores  on  the  hands.  The 
liairyman  and  his  sister  had  had  scarlet  fe\er  as 
children,  their  mother  said. 

We  \\\re    inluinied   lli,i.l    there   had   been   no 


outside  assistance  in  the  dairj'  business  for  a 
period  of  fully  six  months,  nor  had  milk  been 
obtained  from  any  outside  source  to  supplement 
the  dairyman's  supply  for  about  a  similar 
period. 

The  dairy  people  had  not  been  out  of  their 
own  house  even  for  a  day  for  several  months, 
and  they  had  had  no  visitors  staying  with  them. 
The  business  they  carry  on,  in  addition  to  the 
dair\',  is  not  an  hotel,  only  a  wayside  inn  for 
the  convenience  of  passers-by. 

Lastly,  the  medical  officer  of  the  county  stated 
that  no  connection  could  be  traced  between  the 
cases  of  scarlet  fever  of  which  he  knew  the 
existence  in  two  situations  in  the  county  and 
the  dairy  concerned. 

Method  of  Distkibltion  ok  Milk. 

The  dairyman  distributed  his  milk  to 
customers  in  the  following  manner.  Three 
boy  messengers  came  out  to  the  dairy  every 
morning  and  evening  from  the  town.  They 
each  received  a  number  of  cans  with  milk, 
which  they  carried  first  to  customers  in  the 
outskirts  of,  and  then  to  others  in,  the  town. 
When  the  cans  were  empty  they  were 
refilled  from  the  cart,  the  dairyman  having  by 
this  time  started  on  his  rounds  himself.  The 
dairyman  himself  drove  to  the  town,  and  on 
his  cart  were  several  "  butts  "  and  some  cans 
with  milk,  as  well  as  measures.  At  the  mid- 
day delivery  there  were  no  messengers,  the 
dairyman  doing  all  the  business  himself  when 
the  boys  were  at  school.  The  milk  cans  and 
measures  were  all  the  property  of  the  dairyman, 
and  were  not  left  in  customers'  houses,  the 
milk  being  merely  measured  into  customers' 
own  vessels.     All  dishes,  etc.,  were  washed  and 


scalded  at  the  dairy,  where  there  is  a  special 
boiler  for  the  purpose,  after  each  delivery. 

The  medical  officer  of  health  of  the  burgh 
examined  all  the  milk  carriers  at  an  early  stage 
of  the  outbreak  and  was  satisfied  that  none  of 
them  had  the  disease,  and  also  that  the  disease 
was  absent  in  all  their  families.  There  was  a 
rumour  that  the  father  of  one  boy  was  suffering 
from  scarlet  fever,  or  from  illness  of  a  suspicious 
nature.  A  visit  to  the  house  showed  that  the 
rumour  was  unfounded.  As  a  matter  of  fact, 
the  man  had  had  scarlet  fever  as  a  young  lad, 
but  not  since,  nor  was  any  member  of  his  family 
affected . 

It  will  be  remembered  that  a  second  dairy  in 
the  town  supplied  part  of  their  milk  to 
eighteen  of  the  first  fifty-one  cases.  The 
burgh  medical  officer  of  health  visited  here  also 
and  satisfied  himself  of  the  absence  of  any 
evidence  of  scarlet  fever  among  those  engaged 
in  the  dairy  business. 

Although  the  association  of  a  particular  milk 
supply  with  the  cases  was  so  marked  as  to 
justify  the  conclusion  that  the  particular  milk 
was  spreading  the  disease,  no  evidence  of 
scarlet  fever  was  found  in  anj-one  engaged  in 
any  part  of  the  milk  business.  But,  as  alread}' 
pointed  out,  the  inquiry  was  not  begun  till  the 
acute  part  of  the  outbreak  was  over.  One  of 
us  visited  the  cases  in  hospital,  along  with 
the  doctor  in  attendance.  They  had  all  the 
characteristics  of  cases  of  scarlet  fever. 

Stopping  of  the  Milk  ikom  the  Daikv. 
The  milk  from  the  dairy  was  not  stopped  till 
April    30th,    and    its    sale    was    resumed    on 
May   ijth,    without    giving   rise   to   any    undue 


spread  of  the  disease,  such  as  had  existed  before 
April  jotii. 

Eruption  ox  Cows'  Teats  in  the  Dairy 
THE  Milk  ov  which  was  Associated 
WITH  the  Spread  of  Scarlet  Fever. 
The  existence  of  an  eruption  on  several  of 
the  cows'  teats  in  the  dairy  the  milk  of 
which  was  associated  with  the  outbreak  was 
made  known  to  the  Board,  and  they  arranged 
that  Dr.  McGowan,  bacteriologist  in  the  Royal 
College  of  Physicians'  Laboratory,  should 
accompany  their  medical  inspector  to  the  dairy 
on  April  30th,  and  that  he  should  report  the 
result  of  his  bacteriological  investigations  to 
them.  The  description  in  detail  of  the  con- 
ditions found  in  various  cows  is  left  to  Dr. 
McGowan — a  general  description  of  the  con- 
dition, and  the  question  of  the  probable  date  of 
onset  of  the  eruption,  being  the  only  matters 
dealt  with  here.  The  eruption  on  the  teats 
affected  several  of  the  cows  in  the  dairy,  and 
having  begun  in  one  or  possibly  two  of  the 
animals  was  communicated  to  others,  pre- 
sumably by  the  milkers'  hands.  From  what 
the  dairymaid  said,  it  seemed  that  the  eruption 
began  as  a  sort  of  papule,  and  passed  through 
the  stages  of  vesication  and  puslidation  before 
drying  up  in  the  form  of  a  crust. 

The  date  of  onset  is  somewhat  difficult  to 
fix ;  in  fact,  a  definite  date  could  not  be  put  on 
it  by  the  dairy  people,  although  they  stated  that 
no  cow  was  affected  before  about  April  18th. 
But  it  was  admitted  that  several  ci'ws  were 
affected  on  April  21st  ;  while  a  recently  calved 
cow  came  to  the  byre  on  April  yth,  and 
though  not  affected  at  that  date,  this  animal 


developed  the  eruption  later.  Dairy  people  are 
not  very  observant  as  a  rule,  and  they  tend  to 
regard  any  pathological  condition  of  their  ani- 
mals as  an  aspersion  on  themselves,  particularly 
when,  as  in  this  case,  the  milk  they  sell  is 
suspected  of  spreading  disease.  The  statement 
that  the  teat  eruption  did  not  begin  before 
about  April  iSth  is  therefore  one  the  accuracy 
of  which  it  is  permissible  to  doubt.  But  there 
is  no  evidence  that  the  eruption  existed  on  any 
cow's  teat  about  the  end  of  the  first  week  of 
April. 

It  cannot  therefore  be  contended  that  the 
connection  between  the  teat  eruption  and  the 
outbreak  of  scarlet  fever  among  people  taking 
the  milk  was  more  than  an  accidental  one. 

In  this  connection  it  is  interesting  to  be  able 
to  state  that  no  similar  condition  existed  in  the 
cows  of  any  other  dairyman  in  the  town.  A 
visit  paid  with  the  veterinary  surgeon  to  all 
the  dairy  premises,  and  an  examination  of  the 
animals  therein,  proved  that  they  were  not 
similarly  affected,  and  that  the  rumour  to  this 
effect  was  unfounded. 

That  the  milk  was  spreading  the  disease 
cannot  be  doubted  from  the  facts  submitted. 
Personal  infection  from  case  to  case  does  not 
satisfactorily  explain  the  circumstance  that 
thirty-three  people,  all  of  whom  partook  of 
the  milk,  sickened  of  scarlet  fever  in  the  course 
of  a  single  week  in  a  small  town  of  about  2,000 
inhabitants.  But  a  human  source  of  infection 
of  the  milk  was  not  discovered,  and  though 
the  teat  eruption  was  probably  present  in  a 
number  of  the  cows  during  the  height  of  the 
outbreak,  there  is  no  evidence  that  it  was  the 


cause  of  the  scarlet  fever,  nor  that  in  point  of 
time  it  could  have  caused  the  outbreak. 

One  has  therefore  to  admit  that  the  source 
of  infection  of  the  milk  was  not  discovered. 

From  our  knowledge  of  "  carriers '"  of  in- 
fection in  diphtheria  it  may  be  surmized  that 
a  similar  condition  is  sometimes  found  in 
scarlet  fever ;  but  in  the  absence  of  definite 
knowledge  of  the  causal  organism  of  the  latter 
disease  the  existence  of  carrier  cases  in  scarlet 
fever  cannot  be  demonstrated. 
Bacteriological  liEPORT  by  Dr.  McGowan. 

On  April  30th,  along  with  Dr.  Dittmar,  I 
paid  a  visit  to  the  dairy.  There  were  sixteen 
cows  in  it,  twelve  being  in  one  byre  and  four  in 
another.  I  examined  each  cow  individually, 
with  regard  to  the  condition  of  the  teats,  udder, 
and  skin.  The  general  state  of  health  of  the 
animalsand  their  temperatures  were  also  noted. 

On  the  teats,  and  on  the  udders  at  the  base 
of  the  teats,  in  seven  out  of  twelve  cows  in  the 
larger  byre  I  found  ulcers.  These  ulcers  were 
of  small  size,  generally  not  bigger  than  a  three- 
penn}-  piece.  Where  they  occurred  in  the 
path  of  cracks  in  the  skin  they  were  slightly 
bigger.  They  were  very  shallow.  Their  edges 
were  covered  over  with  thin,  dr)-  epidermic 
scales  from  the  surrounding  skin,  with  which 
they  were  practically  Hush.  There  was  no 
surrounding  areola  of  inflammation,  nor  was 
the  site  of  the  ulcer  swollen.  The  surface  ol 
the  ulcer,  excejjt  where  it  had  been  recently 
torn  off,  consisted  of  a  thin,  thy,  brownish  scab. 
Where  this  surface  had  been  rubbed  off,  as  by 
milking,  there  exuded  a  small  amount  of 
clear  serniu.  The  ulcers  were  not  tender,  for 
the  cows  allowed  the  teats  to  be  handled  with 
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the  utmost  freedom,  and  they  had  also  been 
regularly  milked  without  difficulty.  The  teats 
themselves  were  not  swollen. 

The  number  of  ulcers  on  the  teats  varied 
considerably.  Usually  the  number  was  about 
three  or  four  per  teat,  though  in  one  case  thirteen 
ulcers  were  counted  on  one  teat.  In  some  cases 
only  one  teat  of  a  cow  was  affected.  The  ulcers 
sometimes  occurred  on  the  udder,  but  there 
they  were  confined  to  the  udder  at  the  base  of 
a  teat. 

The  above  was  the  appearance  of  the  ulcers 
at  the  time  of  my  examination,  but  it  is  possible 
that  they  had  been  modified  somewhat  in 
appearance  by  the  application  of  a  lotion  which 
had  been  used.  As  regards  the  earlier  stages 
of  the  eruption,  it  is  difficult  to  say  what  the 
appearances  were.  The  owner  of  the  cows  told 
me  that  the  eruption  began  as  a  small  pimple, 
enlarged  to  the  size  of  a  split  pea,  became 
yellowish  and  then  formed  an  ulcer.  Some- 
times the  condition  aborted  without  an  ulcer 
forming.  The  formation  of  the  ulcer,  when  it 
occurred,  took  place  within  three  days.  I  did 
not  myself  see  the  eruption  in  the  papular  stage 
and  I  only  observed  the  pustular  stage  in  one 
instance.  The  pustule  was  about  the  size  of  a 
split  pea,  was  very  slightly  raised  above  the 
surrounding  surface,  was  without  umbilicaticn 
and  was  not  surrounded  by  any  inflammatory 
zone — in  fact,  the  surrounding  tissue  appeared 
perfectly  healthy.  The  pustule  was  yellow 
coloured,  was  enclosed  by  thick  skin,  and  when 
punctured  a  small  quantity  of  viscid  tenacious 
pus  was  obtained  from  it. 

As  regards  the  cows  in  the  second  byre,  foiu' 
in  number,  thev  were   affected  to  a  much   less 


degree  than  those  in  the  larger  byre.  Only  two 
or  three  ulcers  were  found  on  the  four  animals 
and  no  pustules  were  observed. 

In  none  of  the  animals  in  either  byre  did  I 
observe  any  falling  oft'  of  the  hair  or  any 
eruption  elsewhere  than  on  the  teats  and  udders. 
The  cows  were  all  with  one  exception  in 
excellent  condition  and  took  their  food  well. 
The  cow  noted  as  an  exception  was  rather  thin. 
No  diminution  in  the  quantity  of  milk  obtained 
from  individual  cows  had  been  noted  during 
the  course  of  the  disease.  The  temperatures 
of  all  the  cows  were  within  the  normal  limits. 

Eleven  days  after  the  first  visit  I  paid  a 
second  visit  to  the  byre.  Apart  from  the  fact 
that  a  new  cow  had  been  received  into  the 
byre  that  day  and  that  a  cow  had  been  trans- 
ferred from  the  larger  byre  into  the  smaller 
one,  the  contents  of  the  byres  were  the  same 
as  on  the  last  visit.  But  owing  to  local 
treatment  of  the  disease  the  ulcers  were 
practically  all  healed,  and  it  was  with  difficulty 
that  any  material  was  obtained  for  inoculation 
of  tubes. 

On  both  occasions  agar,  broth  and  litmus 
uiilk-tubes  were  inoculated  on  the  spot  with 
milk  from  ulcerated  teats  of  the  cows  and  with 
material  from  the  ulcers.  Similar  tubes  were 
also  inoculated  with  the  contents  of  the  one 
pustule  that  was  found.  Milk  was  also  received 
into  sterile  bottles  from  several  of  the  affected 
cows  to  be  conveyoil  to  the  laboratory.  There 
plates  were  made  for  isolation  of  the  organisms 
present,  and  small  rabbits  were  inoculated 
intraperitoncally  with  j  c.c.  of  the  milk.  Some 
scab  materi.d  also  was  reino\eil  in  a  sterile  test 
tube,  and  plates  wt-rc  made  froiii  an  emulsion  of 


it   on   arrival   at   the   laboratory.     Part   of  this 
material  was  kept  for  inoculating  a  calf. 

As  regards  the  rabbits  which  were  inoculated 
intraperitoneally  with  2  c.c.  of  the  milk,  none 
of  them  showed  anj^  signs  of  illness. 

Streptococci  were  obtained  both  from  the 
milk  and  from  the  ulcers.  They  were  non- 
pathogenic to  rabbits  and  mice,  grew  in  short 
chains  in  broth,  were  non-hsemolytic,  and 
grew  on  gelatine  at  20  deg.  C.  They  clotted 
milk,  and  produced  acid  in  lactose  and  sac- 
charose. They  would  thus  appear  to  belong 
to  the  salivarius  group  of  streptococci.  No 
streptococci  were  obtained  from  the  cultures 
made  from  the  pustule,  nor  were  an\-  strepto- 
cocci observed  in  films  made  from  its  pus. 

The  organisms  other  than  streptococci  which 
appeared  on  the  agar  tubes,  plate'>,  etc.,  were 
isolated  in  pure  culture,  but  no  attempt  was 
made  to  identify  them.  They,  along  with  the 
streptococci  and  the  scab  material,  were  used 
to  make  inoculations  into  the  skin  of  a  calf  to 
see  if  the  eruption  on  the  cows'  teats  could  be 
reproduced  in  the  calf.  A  four-days-old  calf 
was  obtained,  and  the  hair  shaved  clean  off 
along  the  whole  length  of  its  back  and  down 
its  sides.  Circles  were  then  painted  on  with 
eosin  along  the  shaved  portion  to  mark  the 
inoculations.  The  inoculation  was  made  by 
taking  a  large  quantity  of  the  infecting 
material — culture,  etc. — putting  it  as  the  centre 
of  the  eosin  circle,  and  pricking  it  in  with  a 
sterile  sewing-needle.  Most  of  the  inoculations 
caused  no  reaction,  and  the  few  which  did 
gave  none  of  the  appearances  of  the  eruptions 
on  the  cows'  teats. 

Nothing  definite   is   l^nown    concerning  the 
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causal  organism  of  scarlet  fever.  Streptococci 
have  been  isolated  by  some  investigators  from 
cases  of  scarlet  fever,  and  have  been  thought 
to  be  the  cause  of  the  disease.  Klein,  too, 
isolated  streptococci  from  the  lesions  in  the 
cows  whose  milk  was  associated  with  the 
scarlet  fever  outbreaks  at  Hendon  and  Glasgow, 
and  arrived  at  the  same  conclusion.  Strepto- 
cocci, however,  can  be  obtained  from  the  milk 
and  udders  of  cows  removed  from  anv  suspicion 
of  causing  scarlet  fever.  In  this  epidemic 
streptococci  were  obtained  indiffercnth-  from 
the  milk  of  cows  with  and  without  the  eruption 
on  their  teats.  They  were  obtained,  too,  from 
the  surface  of  the  ulcers,  but  it  is  to  be  noted 
that,  in  the  one  pustule  that  was  present, 
streptococci  were  not  found  either  micro- 
scopically or  culturally. 

As  regards  the  a;tiological  connection  of 
the  eruption  with  the  outbreak  of  scarlet  fe\er, 
it  is  to  be  noted  that  the  epidemic  was  well 
advanced  before  the  eruption  was  noticed  on 
the  cows'  teats.  As  regards  the  nature  of  the 
eruption  itself,  from  its  general  appearance  as 
described  above,  and  from  the  fact  that  it  was 
not  infectious  to  the  attendants  on  the  cows, 
it  will  be  seen  that  it  corresponds  very  closely 
to  the  condition  known  among  veterinarians 
as  "pseudo-vaccinia"  or  "false cow-pox."  This 
is  a  very  common  infectious  disease  among 
cows,  and  usualh'  occurs  w  ithout  any  associated 
epidemic  of  scarlet  fe\er  among  persons 
consuming  the  milk. 


14 


Journal  of  Pathologi/  ami  BaderiuhKjii,  Vol.  XV. 


I 


ON  THE  RELATIONS  OF  THE  LYMPHATICS  OF 
THE  SPINAL  CORD/ 

By  Alexander  Bkuce,  M.D,  F.lLC.r.E.,  and  J.  W.  Dawson,  JI.I). 

From  the  Suyal  CoUr.yc  of  Physicians'  Lahoratorij,  Edlnhur'jh. 

(Plates  XXIII.-XXVII.) 

It  is  becoming  more  and  more  evident  that  an  accnrate  knowledge 
of  the  lymphatic  system  of  the  spinal  cord  (and  the  same  holds 
eijually  true  with  regard  to  the  brain)  is  essential  for  the  proper 
interpretation  of  the  pathological  processes  which  take  place  within 
it.  Much  has  hitherto  been  attributed  to  the  blood  vessels  which 
there  is  increasing  reason  to  think  is  in  reality  to  be  associated  rather 
with  the  lymphatic  system.  The  latter  is  admitted  to  be  the  main 
channel  for  the  removal  of  Waste  products  and  products  of  degenera- 
tion of  the  constituent  elements  of  the  central  nervous  system,  more 
especially  of  the  myelin.  Attention  is  now  being  more  and  more 
drawn  to  the  effects  of  disorders  of  the  lymphatic  circulation — such 
as  stasis  and  dilatation  of  the  spaces — upon  the  nervous  elements, 
but  little  definite  information  is  as  yet  available.  Arndt  (1870^) 
was  one  of  the  first  to  recognise  the  influence  of  a  hyperlymphosis 
or  lyniphostasis  upon  the  specific  elements  of  the  central  nervous 
system,  and  since  his  time  various  important  contributions  have  been 
made  to  this  subject,  some  of  them  quite  recently.  There  is  au 
accumulating  body  of  evidence  that  the  lymphatics  play  a  part  pro- 
bably not  subordinate  to  that  of  the  blood  vessels  as  channels  by 
which  infective  agents  (toxins  and  organisms)  are  conveyed  to  the  cord 
or  distributed  within  it.  Among  other  papers  we  may  refer  to  the  work 
I  if  Meyer  on  tetanus,  of  Orr  and  Eows  (1907")  on  the  flow  of  the 
lynipli  stream  in  the  spinal  roots  of  the  cord,  and  to  the  classical 
work  of  Wickmau  on  poliomyelitis. 

LY.Nirii  Channels. 

It  is  generally  admitted  that  tlie  brain  and  spinal  cord  do  not  possess 
l.yniph  vessels  closed  in  by  walls  of  their  own.  The  lymph  circulates  in  spaces 
iuound  the  blood  vessels,  and  these  spaces  connuunicate  with  the  lymph  sacs 
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in  the  membranes.  Our  present  knowledge  of  these  channels  is  largel}'  diie 
to  the  early  researches  of  His  (1865^),  Robin,  and  Obersteiner  (1900"),  and 
later  of  Axel  Key  and  Retzius.  In  the  text-books  of  Obersteiner  and  Schmaus- 
Sacki  (1901  i-)  we  find  it  stated  that  within  the  spinal  canal  from  without 
inwards  are  found :  the  epidural  space,  filled  with  fat  and  venous  plexuses ; 
the  dura  covered  on  both  sides  with  endothelium,  and  composed  of  dense 
connective  tissue  in  which  are  numerous  narrow  lymph  spaces  communicatin;^ 
with  the  subdural  space ;  the  subdural  space,  normally  a  cajiillary  space  ;  tin- 
arachnoid,  a  non-vascular  membrane  covered  on  both  surfaces  with  cndn- 
thelium;  the  sub-arachnoid  space,  in  which  circulates  the  cerebro-spinal  fluid, 
and  crossing  which  are  numerous  connective-tissue  threads  dividing  it  into 
larger  and  smaller  lymph  sacs  (this  space  communicates  with  the  lympli 
spaces  in  the  pia  and  also  with  the  lymph  spaces  within  the  perineural 
sheaths) ;  the  pia,  in  which  are  found  the  blood  vessels  which  penetrate  the 
cord,  also  numerous  lymph  spaces  which  communicate  with  the  sub-arachnoid 
space  ;  the  epispinal  space  or  space  of  His,  a  fissured  space  often  permeated 
by  radial  fibres;  dense  glia  forming  the  cortical  surface  of  the  cord  (Lenhos- 
sck's  membrane  or  memhrana  Umitans  tjlue  siiperjicialis). 

In  early  development  the  central  nervous  system  has  no  blood  vessels,  and 
these  first  enter  as  buds  from  the  pia  into  the  up  till  now  solely  ectodermal 
tissue,  carrying  before  them  the  memhrana  Umitans  superficialis  as  a  menihraua 
Umitans  perivasculari'>.  With  the  buds  there  also  enters  loose  connective 
tissue  from  the  pia,  which  plays  the  role  of  adventitia,  and  the  spaces  of  whieh 
are  continuous  with  the  spaces  of  the  pia  and  through  them  with  the  sub-arach- 
noid space.  Therefore,  between  the  adventitia  and  the  memhrana  Umitans  peri- 
vascularis we  have  a  space — the  perivascular  space  of  His — continuous  with 
the  epispinal  space  of  His,  and  a  continuation  of  the  sub-arachnoid  space  in  the 
loose  tissue  of  the  adventitia — the  adventitial  lymph  space  or  Virchow-Robin 
space.  These  two  lymph  spaces  are  said  to  exist  everywhere  independently 
of  each  other  around  the  vessels  of  the  central  nervous  system,  one  within 
the  adventitia  (intravascularis),  and  one  outside  the  adventitia  (extra-  "v 
perivascularis).  Where  the  adventitia  is  absent  or  hardly  perceptible,  as  in 
the  finest  capillaries,  the  two  spaces  blend  into  one,  and  there  is  only  om- 
space  between  the  limiting  membrane  and  the  capillary  endothelium.  Furtlnr, 
each  ganglion  cell  is  surrounded  by  a  wide  space — the  space  of  Obersteiner 
through  which  it  sends  its  [jrocesses  and  within  which  two  or  three  lymple 
cells  are  frequently  found.  Obersteiner's  diagram,  copied  into  most  text-bo.  .1, 
has  familiarised  us  with  his  statement  that  there  is  a  direct  tran.sition  of  tl.' 
perivascular  space  into  the  pericellular  space,  and  that  the  ganglion  cells  an 
thus  embedded  in  the  perivascular  lymph  system. 

The  tissue  lymph  spaces  discharge  everywhere  into  the  perivascular  spn^ 
either  through  the  interstices  of  the  glia  tissue,  or  by  the  protoplasmic  jn 
cesses   of   the  glia  reticulum,  and  ttie  lymph  Hows  out  in  the   direction   •■: 
the   ]ieriphery   of   the   cord.     A    lymph  tiow   outwards   is   also   assumed    in 
the  adventitial  lymph  sheaths. 

The  lymph  channels  of  the  anterior  and  posterior  root.s  are  also  in  com- 
munication with  the  lymph  system.  Orr  and  Rows  (1907^)  have  pointed 
out  the  evidence  of  a  continuotis  flow  of  lymph  upwards  along  the  ]ieripheral 
nerves  and  spinal  roots.  Their  researches  prove  that  the  main  curient  lies 
at  the  periphery  of  the  nerve  bundles  in  the  inner  meshes  or  lymph  spaces 
of  the  fibrous  perineural  sheaths.  The  current,  as  it  reaches  the  cord,  passes 
jmrtly  to  the  lymph  spaces  of  the  pia-arachnoid,  but  mainly  along  the  nervo 
roots  into  the  substance  of  the  cord. 

According  to  this   account,  therefore,  we    have  two  inilc]icndcnt 
lymph    spaces,    namely,  the  inner,  known  as  the  Vircliow-liohin    or 
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adventitial  space,  tMintinuous  with  tiie  sub-arachnoid  space,  and  the  outer, 
known  as  the  perivascular  space  of  His,  continuous  on  the  one  hand 
with  the  epispinal  space  of  His,  and  on  the  other  hand  with  the  peri- 
cellular space  of  Obersteiner.  Eegarding  the  adventitial  lymph  space 
all  is  clear  and  definite ;  regarding  the  perivascular  and  pericellular 
Ivmph  spaces,  however,  many  false  views  have  been  promulgated, 
and  these  spaces  are  often  confounded  with  another  space  which  is 
regarded  by  many  observers  emphatically  as  an  artefact. 

In  transverse  sections  of  the  cord  fixed  in  formalin  or  chromic 
salts  and  hardened  in  alcohol,  obvious  clefts  are  found  around  the 
vessels  and  cells.  His  (1865  *)  stated  that  these  clefts  were  smooth, 
and  that  the  outer  wall  was  formed  of  a  condensed  layer  of  glia 
substance  covered  with  endothelial  cells.  His  further  succeeded  in 
completely  filling  up  the  perivascular  and  pericellular  spaces  by 
injecting  from  the  epispinal  space.  Obersteiner  (1900")  found,  in 
the  presence  of  small  cells,  indistinguishable  morphologically  from 
lymphoid  cells,  within  the  pericellular  spaces,  a  proof  of  their  being 
lymph  spaces.  Friedmann  (^)  also  came  to  the  conclusion  that  the 
perivascular  and  pericellular  spaces  were  preformed  and  lined  by 
endothelium  analogous  to  lymphatic  endothelium. 

More  recent  investigations  have  pn-oved  that  the  occurrence  of  the 
spaces  of  His  and  Obersteiner  can  be  avoided,  and  that  they  are  due 
to  shrinkage  through  the  methods  of  fixation.  A  careful  consideration 
of  the  clefts  shows  that  they  rarely  possess  the  smooth  walls  ascribed 
to  them  by  His,  and  that  where  such  is  the  case,  the  endothelial 
lining  of  His  and  Friedmann  is  undoubtedly  a  layer  of  glia  cells 
which  have  so  folded  themselves  round  a  space  through  the  tissue 
retraction.  More  usually,  fine  threads  of  glia  fibrils  connect  the 
adventitia  of  the  vessel  or  membrane  of  the  ganglion  cell  to  the 
ragged  outer  wall  of  the  space  (Plate  XXIV.  Figs.  5  and  6).  Ober- 
steiner's  picture  of  "  a  rose-branch  beset  with  thorns "  can  thus  be 
traced  to  fine  glia  fibrils  which  have  remained  existent  between  the 
vessel  and  the  retracted  tissue  (Plate  XXIV.  Fig.  5).  Obersteiner 
admits  that  the  perivascular  and  pericellular  spaces  may  increase  in 
size  through  tissue  retraction,  but  maintains  that  the  normal  existence 
of  such  spaces  is  proved  by  the  presence  of  the  free  nunid  cells 
already  mentioned. 

Many  advocates  of  the  perivascular  space  admit  the  presence  of 
these  fine  threads  connecting  the  outer  wall  with  the  adventitia  of 
the  vessel  and  with  the  ganglion  cell,  and  amongst  these  Schrocdcr 
<190S")  maintains  that  the  true  perivascular  space  of  His  is  still 
within  the  mcmhrana  limitans  perivascularis,  which  remains  adherent 
to  the  ganglion  cell  or  adventitia,  and  tliat  tlie  shrinkage  space  is 
external  to  this  limiting  membrane. 

The  usual  treatment  with  alcohol  in  the  jirocess  of  hardening  gives 
rise  to  considoralile  shrinkiiire  on  account  of  the  varving  consistence  of 
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the  individual  elements  of  the  tissue,  and  so  we  get  rupture  at  certain 
parts.  One  of  the  parts  of  predilection  is  in  the  neighbourhood  of  the 
vessels.  The  tear  here  is  directly  external  to  the  memhrana  limitans 
perivascularis,  and  as  this  is  a  condensed  layer  it  remains  adherent  to 
the  vessel  adventitia,  while  the  glia  tissue  outside  retracts.  Such 
artificial  shrinkage  spaces  are  constantly  found  in  preparations,  and 
the  vessel  as  a  rule  lies  somewhere  on  the  wall  of  the  space — not  in 
the  middle  (Plate  XXIII.  Fig.  o).  The  space  is  traversed  by  individual 
small  fibres  radiating  from  the  perivascular  glial  ring  round  the  vessel. 
In  oedema  of  the  cord  and  in  arterio-sclerosis  we  find  that  these 
shrinkage  spaces  are  specially  large. 

Amongst  those  who  have  most  strenuously  opposed  the  teaching  regarding 
the  perivascular  and  pericellular  lymph  spaces  is  Nissl.  Nissl  has  followed 
Degenkolb  and  Weigert  in  looking  upon  the  adventitia  as  a  biological  limiting 
layer,  separating  mesodermal  from  ectodermal  constituents  of  the  nervous 
sj'stem.  He  finds  in  this  biological  limiting  layer  the  key  to  the  under- 
standing of  the  histo-pathology  of  the  nervous  system.  Xissl  (1903 '')  claims 
that  there  is  no  penetration  of  mesodermal  elements  into  the  nervous  substance 
so  long  as  this  limiting  layer  remains  intact,  and  that  were  the  perivascular 
and  pericellular  spaces  really  lymph  channels  with  endothelial  nuclei  in  their 
walls,  the  parenchyma  of  the  nerve  tissue  would  be  over-run  with  lymphoid 
(mesodermal)  elements.  To  grant  the  existence  of  jireformed  perivascular 
and  pericellular  spaces  would  be,  he  asserts,  to  mistake  and  underestimate  the 
part  played  in  the  histo-pathology  of  the  cord  by  the  non-nervous  cells  of 
ectodermal  origin.  In  inflammatory  conditions  in  the  cord  and  in  slow 
degenerations  the  rcparatory  processes  within  and  without  this  limiting  layer 
are  altogether  independent  of  each  other,  but  if  ectodermal  or  mesodermal 
elements  are  so  injured  that  they  could  no  longer  form  checks  to  the  growth 
of  uninjured  elements,  then  the  destroyed  biological  balance  would  be  restored 
by  progressive  processes  on  the  part  of  constituents  of  either  origin.  ThcM' 
views  are  too  theoretical  to  be  of  service  in  the  solution  of  the  problem. 


Ai;TiFrci.A.L  In.ieition  oi''  the  LvMriiATirs. 

His  and  Obersteiner  injected  the  perivascular  and  pericellular 
spaces  from  the  epispinal  space,  but  there  are  many  objections  to 
such  a  method,  the  chief  being  that  the  very  delicate  nature  of  tin' 
nerve  tissue  causes  it  to  give  way  at  the  points  of  least  resistanir 
under  the  pressure.  Key  and  Ketzius  found  it  impossible  to  iiijei  i 
the  perivascular  and  pericellular  spaces  from  the  sub-arachnoid  spacr, 
from  which  they  inferred  that  these  spaces  are  not  in  communication 
with  the  large  lymph  spaces  of  the  central  nervous  system. 

Many  observers  see  in  the  epispinal  space  a  result  of  tissue 
retraction.  This  would  imleed  almost  follow  from  the  absence  of  the 
perivascular  space,  for  if  tlie  adventitia  is  closely  applied  to  the 
memhrana  limilnns  jwri vascularis,  then  the  pia  intima,  which  is  carried 
in  as  the  outermost  layer  of  the  adventitia,  must  bo  closely  applied  ti> 
tiio  membraiia  limitans  siijwrjicialis  wiUiout  any  epispinal  space.      In 
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tissues  fixed  in  Zenker's  solution,  and  very  gradually  carried  through 
the  different  hardening  fluids,  we  find  that  this  'pia  intima  is  closely 
adherent  to  the  surface  of  the  cord  and  that  no  perivascular  or  peri- 
cellular spaces  are  present.  Eanke  (1908^")  has  also  found  this  to 
be  tlie  case  in  frozen  sections  from  fresh  material  and  in  tissues  fixed 
in  Cox's  solution. 

It  will  be  seen  from  what  has  just  been  said  that  artificial  injection 
of  the  lymph  paths  of  the  cord  gives  unreliable  results.  Fortunately, 
however,  there  is  a  natui'al  process  of  injection  of  the  lymphatics  which 
can  be  depended  upon  as  being  absolutely  selective,  and  which  is 
therefore  eminently  suitable  for  the  study  of  the  lymph  paths.  This 
process  occurs  in  every  case  in  which  a  slow  degeneration  of  the 
myelin  is  taking  place,  and  it  is  seen  specially  well  in  cases  of 
long-continued  compression  of  the  cord,  or  in  the  sub-acute  combined 
degenerations  such  as  are  so  often  seen  in  pernicious  amemia.  Here 
we  get  the  most  marked  distension  of  the  adventitial  lymph  spaces  by 
cell  elements  filled  with  fat — the  so-called  compound  granular  cells. 
The  course  of  all  the  vessels,  arterial,  venous,  and  capillary,  can  be 
traced  by  the  dense  layer  of  these  cells  whicli  surrounds  the  vessels. 
In  every  case  it  is  significant  that  the  cells  have  2)ushed  apart  the  connective- 
tissue  fibrils  of  the  adventitia  and  that  an  outer  layer  of  adveniitia,  pink 
with  Van  Giesou's  stain,  hounds  the  dilated  lymph  spaces  and  is  closely 
applied  to  the  glial  membrane,  leaving  no  perivaseidar  space. 

Van  Giesou's  method  of  staining  is  juiticularly  well  adapted  to 
demonstrate  the  boundary  of  the  lymphatic  space  and  its  relation  to 
the  surrounding  glial  tissue,  as  it  stains  the  connective  tissue  a  more 
or  less  deep  pink  colour,  and  the  glial  tissue  an  orange-yellow  colour. 
As  will  be  seen  from  Tlate  XXIII.  Figs.  1  and  2,  the  space  surrounding 
the  small  arterioles,  venules,  and  capillaries  is  bounded  by  the  pink  line 
of  connective  tissue  wliich  represents  the  outer  layer  of  the  adventitial 
lymphatic  sheath. 

Compound  Granular  Cells. 

When  the  degeneration  of  myelin  has  reached  a  certain  stage, 
then  resorption  of  the  degenerated  material  sets  in  by  means  of 
granular  cells.  The  space  occupied  by  the  degenerated  nerve  fibres 
becomes  replaced  by  granular  cells.  These  may  remain  a  shorter  or 
longer  time,  but  finally  they  reach  the  lymphatic  spaces  in  the 
adventitia,  and  are  thence  carried  to  the  inner  layers  of  the  pia.  (Nissl 
named  these  compound  granular  cells  GittcrxcUcn,  or  lattice  cells, 
because  he  considers  that  the  lattice  structure  of  the  protoplasm — 
found  after  the  fat  is  extracted — is  the  chief  characteristic  of  these 
elements  (Plate  XXIII.  Figs.  1  and  2).)  The  fat  may  be  absorbed  by  the 
cell  in  the  form  of  clum])s  of  degenerating  myelin,  or  in  a  dissolved 
form  as  saponified  fat  ;uni,  by  syntliesis  wiliiiu  the  cell,  bo  transformed 
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agaiu  into  neutral  fat  when  it  appears  as  fine  droplets  (Plate  XXV.  Figs. 
9  and  10).  Simiiltaneous  with  the  work  of  phagocytosis  of  the  fat  the 
.solution  of  the  degenerated  myelin  takes  place.  This  process  is  helped 
by  the  lymph  stasis  through  its  power  of  distending  and  dissolving  the 
nerve  fibre.  The  fluid  components  may  become  directly  absorbed  by  the 
cells  as  just  stated,  or  be  absorbed  directly  into  the  lymph  spaces ;  and 
one  finds  in  the  lymph  sheaths,  in  addition  to  granular  cells,  free 
granular,  fatty  detritus.  The  granular  cells  at  first  fill  up  the  space 
of  the  degenerated  fibre,  and  on  longitudinal  sections  of  the  cord  are 
seen  in  rows  in  the  tubular  space  originally  occupied  by  the  nerve 
fibres.  On  transverse  section  they  appear  as  large,  rounded  cells  with 
faintly  staining,  finely  vacuolated  protoplasm  (Plate  XXIII.  Figs.  1  and 
2).  As  the  granular  cells  become  laden  with  fat,  the  adventitial  lymph 
spaces  are  opened  up,  and  the  peripherally  streaming  lymph,  acting  as 
a  suction  pump,  draws  the  cells  into  the  spaces.  The  number  of  the 
compound  granular  cells  varies  with  the  duration  of  the  process  and 
the  nature  of  the  degeneration.  When  all  the  decayed  material  has 
been  absorbed  by  the  cells,  and  these  have  been  drawn  into  the  lymph 
spaces  of  the  adventitia,  a  dense  glia  tissue,  with  narrow  tissue  spaces, 
takes  the  place  of  the  degenerated  fibres  and  compound  granular  celLs. 
The  latter  may  still  be  found  isolated  in  the  tissue  and  immediately 
around  the  vessels.  Through  a  further  resorption  of  the  fat  from  the 
cell — the  fat  may  be  absorlied  into  the  lumen  of  the  vessel  (see  Plate 
XXV.  Fig.  9)  or  into  the  lymph  spaces  and  become  free — the  granular 
cell  undergoes  atrophy,  and  vessels  may  be  found  in  densely  sclerosed 
areas  where  the  granular  cells  in  the  adventitial  lymph  spaces  have 
given  up  their  fat.  Such  cells  remain  in  the  adventitia  as  "  ghost  cells," 
with  shrunken  nuclei  and  the  remains  of  cell  body  and  membrane,  to 
increase  the  nuclear  content  of  the  adventitia.  Through  this  process 
comparatively  few  of  the  large  numbers  of  compound  granular  cells 
reach  tlie  surface  of  tlie  cord,  and  tlie  course  of  the  vessels  always 
shows  a  marked  diminution  of  the  dilated  adventitial  spaces  near  the 
peripliery  of  the  cord  (Plates  XXVI.  and  XXVil.  Figs.  11  and  13). 
The  cells  as  they  reacli  the  pia  spread  into  the  spaces  of  its  inner  layers 
— the  spaces  of  the  adventitia  being  continuous  with  the  pial  lymph 
spaces.  It  has  been  stated  that  no  perivascular  space  can  be  recogniseil 
in  transverse  sections  of  the  cord.  The  cells  fill  out  the  spaces  of  the 
adventitia  and  separate  its  fibrils  to  so  great  an  extent  that  the  outer- 
most layer  of  the  adventitia  is  closely  pressed  against  the  meynbntua 
limitans perivascularis.  Likewise,  on  the  surface  of  the  cord  ?u>  cpispinal 
space  can  he  recognised,  for  the  innermost  layer  of  tlie  pia,  stained  pink 
by  Van  Gieson'.s  stain,  can  be  found  closely  applied  to  the  mcmhrana 
limitans  supcrjicinlis  and  distinctly  within  the  layer  of  granular  cells, 
filling  the  lymph  si)aces  of  the  jria  intima.  Even  in  Marchi  prepara- 
tions it  can  be  distinctly  noted  that  the  compound  granular  cells  are 
spreading  in  Ihe  inner  pial  layer.s,  not  in  an  cpis])inal  space.     Such 
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uatural  injections  of  the  lymph  spaces  therefore  leud  no  support  to  the 
view  of  the  existence  of  perivascular  and  epispinal  spaces.  It  should 
also  be  noticed,  as  a  further  important  evidence  of  the  non-lymphatic 
character  of  the  so-called  space  of  His,  that  in  all  the  jneparations  in 
which  there  was  natural  injection  of  the  lymphatics,  where  the  process 
of  fixation  and  hardening  had  produced  a  shrinkage  space  between  the 
vessel  and  the  surrounding  nervous  tissue,  this  space  was  invariably 
devoid  of  compound  granular  corpuscles.  It  is  inconceivable  that  this 
could  have  been  the  case  had  His's  space  been  really  a  lymjihatic 
space. 

With  regard  to  the  pericellular  spaces,  there  is  no  corresponding 
uatural  injection  by  compound  granular  corpuscles.  It  is  quite  true 
that  they  may  have  in  their  neighbourhood  one  or  more  lymphoid 
corpuscles  when  the  cells  are  in  a  state  of  degeneration,  but  it  is  not; 
clear  that  these  are  lying  in  lymphatic  spaces.  There  is  no  indication 
of  any  endothelial  lining  to  the  space  outside  the  cell,  and  if  the 
tissue  has  been  carefully  hardened  by  Zenker's  method,  no  fissure 
will  be  seen.  If  the  process  of  fixation  has  been  imperfect,  a  space 
may  appear  either  round  the  cell  and  its  processes  or  in  relation  to 
part  of  it,  but  in  such  cases  careful  examination  will  show,  in  many 
instances,  that  the  process  of  fissure  formation  has  begun  by  rupture 
of  the  glial  tissue  immediately  surrounding  the  nerve  cell,  and  that 
a  portion  of  its  tissue  has  been  left  adherent  to  the  nerve  cell,  with 
ragged  threads  projecting  either  into  or  across  the  fissure  (Plate  XXIV. 
Fig.  6).  In  our  opinion  the  process  of  pericellular  fissure  formation  is 
exactly  analogous  to  that  of  the  perivascular  one.  Thei-e  is  no  more  a 
space  of  Obersteiner  than  there  is  a  space  of  His.  Both  are  artefacts 
due  to  imperfect  fixation  of  tissue,  aided  frequently,  no  doubt,  by 
pathological  changes  which  render  the  glial  tissue  less  resistant.  In 
both  instances  the  rupture  is  through  the  glial  tissue,  part  of  which 
remains  attached  either  to  the  vessel  or  the  cell,  as  the  case  may  be. 
We  are  of  opinion  that  there  is  but  one  set  of  lymphatic  vessels, 
namely,  the  adventitial,  which,  obtaining  its  lymph  supply  either  from 
the  vessels  or  absorbing  it  from  the  nerve  tissiie,  conveys  it  into  the 
deep  layers  of  the  pia. 

An  examination  of  various  cases  of  degeneration  of  the  white 
matter  shows  that  the  main  course  of  the  lymphatic  current  goes 
towards  the  periphery  of  the  cord.  In  the  case  of  pernicious 
aniemia,  which  was  the  subject  of  most  of  the  illustrations  of 
tliis  paper,  sections  stained  by  Mai-chi's  method  showed  no  evidence 
that  the  compound  granular  corpuscles  were  making  their  way 
either  towards  the  central  canal  or  the  grey  matter  of  the  cord.  The 
latter  fact  appears  to  us  to  be  an  additional  argument  in  favour  of  the 
intimate  relationship  of  lymphatic  and  blood  vessel,  as  the  vessels  of 
tlie  wliite  and  grey  matter  of  the  cord  are  almost  entirely  independent 
of  eacli  other.     Therefore,  in  an  involvement  of  the  distribution  of  the 
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vessels  of  the  white  matter,  the  lymphatics  of  the  other  area  would 
remain  unaltered. 

In  conclusion,  briefly:  Within  the  spinal  cord  there  is  no  lymph- 
atic epispinal  space  of  His ;  there  is  no  perivascular  space  of  His  : 
there  is  no  pericellular  space  of  Obersteiner.  The  lympliatie  channels, 
as  far  as  we  know,  follow  the  adventitia  of  the  capillaries,  veins,  and 
arterioles  towards  the  surface  of  the  cord,  where  they  enter  into  the 
deep  layer  of  the  pia  mater,  through  which  they  probably  communicate 
with  the  sub-arachnoid  space.  The  lymphatic  path  has  in  the  main 
an  outward  direction,  but  there  is  no  doubt  that  it  permits  of  a  current 
inwards  or  of  an  invasion  l)y  cellular  elements,  micro-organism.s  and 
to.xic  substances. 
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DESCRIPTION  OF  PLATF.S  XXIII.-XXVII. 
Plate  XXIII. 

Flo.  1. — Trausverse  section  of  tliree  small  vessels  ;  distension  of  their  adventitial  sheaths, 
with  compound  gi'anular  corpuscles.  Zenker  tixation.  Van  Gieson's  stain, 
(X  400.) 
Three  capillaries  are  seen  surrounded  by  a  closely  compacted  number  of  compound 
granular  corpuscles.  These  are  enclosed  by  the  outer  layer,  stained  pink,  of 
the  connective-tissue  wall  of  the  adventitia.  No  perivascular  space  is  seen 
anywhere.  AVithin  the  adventitia  connective-tissue  cells  are  seen  between 
the  granular  corpuscles. 

Fig.  2. — Jlinute  capillary  transversely  divided  :  adventitial  sheath  distended  by  a  single 
ring  of  compound  granular   corpuscles.      Note  pink  outline  of  adventitia 
immediately  adjoining  glia  tissue,  leaving  uo  evidence  of  perivascular  space. 
Note  the  glia  cells  and  compound  granular  cells  in  the  adjacent  tissue.      A'an 
Gieson's  staiu.     Zenker  fixation,     (x  500.) 

Fig.  3. — Transverse  section  of  a  slightly  larger  capillary  surrounded  by  ring  of  compound 
granular  corpuscles  enclosed  within  the  adventitia,  which  is  limited  by  a  pink 
line  of  connective  tissue.  On  the  left  of  the  vessel  is  seen  a  shrinkage  space 
formed  by  the  artificial  separation  of  adventitia  and  glia.  This  is  the  space 
commonly  described  as  the  perivascular  lymphatic.  Van  Gieson's  stain. 
Zeuker  fixation,     (x  500.) 

Plate  XXIV. 

Fiu.  4. — Small  venule  out  longitudinally,  showing  adventitial  sheath  distended  \vith 
numerous  nucleated  elements.  Note  the  complete  absence  of  these  from  the 
space  (shrinkage  space)  lying  outside  the  vessel.  Van  Gieson's  staiu.  For- 
malin fixation.     (  x  200.) 

5. — Longitudinal  section  of  venule  showing  the  formation  of  the  perivascular  shrinkage 
space.  Tags  and  filaments  of  glial  tissue  are  seen  adhering  to  the  outer  layer 
of  the  adventitia  of  the  vessel.  The  outer  wall  of  the  shrinkage  space  is 
similarly  found.     Van  Gieson's  stain.     Formalin  fi.xation.     (x   320.) 

6. — Shows  early  stage  of  development  of  a  pericellular  shrinkage  space.  Fine 
fibrillfe  of  glia  are  seen  passing  over  the  space  to  the  body  and  processes  of 
the  cell.     Formalin  fixation.     (  x  500.) 

7. — Section  of  pia  mater,  surface  of  cord,  and  entering  vessel,  showing  the  close 
adhesion  of  the  inner  layer  of  the  pia  to  the  condensed  layer  of  the  glia — 
membrana  limitans  superficialis — and  the  complete  absence  of  any  epispinal 
space.     Van  Gieson's  stain.      Zenker  fixation.     (  x  320. ) 


Fios.  8-14. — Marchi  sections  from  case  of  pernicious  anemia. 

Fii!.  8. — Longitudinal  section  of  lateral  colunm  of  cord.  The  compound  granular  cor- 
puscles, stained  black,  form  ioterruptcd  longitudinal  lines  leading  towards, 
aud  surrouuding,  the  capillaries,     (x  40.) 

Figs.  9  and  10,  corresponding  respectively  to  x  and  x  x  of  Fig.  8,  but  magnified  250  and 
200  times,  show  the  extensive  infiltration  of  the  adventitia  with  the  compound 

granular  cells  and  free  granules  of  fat. 
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Plate  XXVI. 

Fig.  11.— Margin  of  cord  with  pia  showing  a  {leripheral  vessel  cariying  eompound  granular 
corpuscles  in  its  adventitial  wall  towards  the  deep  layer  of  the  pia  mater,  and 
within  which  they  spread  in  both  directions.  Note  the  narrowing  of  the 
stream  of  corpuscles  as  the  surface  of  the  cord  is  approached.     (  x  70.) 

Fig.  12. — Longitudinal  section  showing  how  the  compound  granular  corpuscles  approacb 
and  enter  the  adventitia  of  the  vessels,  and  spread  in  the  deep  layers  of  the 
pia.     (  X  70.) 

Plate  XXVII. 

Fig.  13. — Transverse  section  of  posterior  columns  of  cord  showing  early  degeneration  in 
the  outer  zone,  and  more  advanced  change  in  the  inner  zone,  where  the  black 
staining  is  restricted  to  the  periphery  of  the  vessel  wall.  The  paler  ajipearancc 
of  the  inner  zone  is  due  to  the  compound  granular  corpuscles  having  been 
drained  from  the  tissue  along  the  adventitial  lymphatics.     (  x  30.) 

Fig.  14. — Transverse  section  of  capillary  showing  a  ring  of  compound  granular  corpuscles 
in  its  adventitia,  and  the  approach  of  the  cells  in  the  tissue  towards  the 
vessel,     (x  250.) 
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Plate  XXV. 


I  RXAL  OF  rATHOLOGY— Vol.  XV. 


Plate  .\.\VI. 
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Plate  XXVII. 


REPORT  m  INVESTirTlTlONS  ON  THE 
REUTIYE  IMPORTANCE  OF  CERTAIN 
TYPES  OF  BODY  CELLS  IN  DEFENCE 
AGAINST  THE  TUBERCLE  BACILLUS, 
AND  THE  EFFECT  OF  TUBERCULIN 
UPON  THEIR  ACTIYITIES; 


•JAMES     MILLER,     D.Sc,     M.D., 
F.R.C.P.E. 
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Report  on  Investigations  on  the  Relative  Importance  of 
Certain  Types  of  Body  Cells  in  defence  against  the 
Tubercle  Bacillus,  and  the  effect  of  Tuberculin 
npon  their  activities  :  by  Jambs  Milleh,  D.Sc,  M.D., 
F.R.C.P.E. 

It  is  by  no  means  universally  acknowledged  that  phagocytosis 
is  a  protective  phenomenon.  Tliere  are  those  who  consider  the 
taking  up  of  foreign  particles  (including  bacteria)  by  body 
cells  as  entirely  due  to  physical  forces  which  are  not  necessarily 
of  a  protective  nature.  There  are,  further,  experiments  carried 
out  both  "in  vitro"  and  ''in  vivo"  which  go  to  show  that 
bacilli  which  liave  been  ingested  by  various  phagocytic  cells 
have  not  been  therebj-  reduced  in  virulence  when  compared 
with  the  original  organism.  For  example,  in  the  case  of  the 
tubercle  bacillus  Baumgarten,  working  with  leucocytes  separated 
from  the  blood,  and  Bartel  and  Neumann,  using  aleurone  exudate, 
failed  to  observe  any  difference  in  virulence  between  organisms 
before  and  after  mixture  and  prolonged  contact  with  phagocytic 
cells,  although  phagocytosis  could  be  shown  to  have  occurred. 
The  last  mentioned  olDservers  demonstrated  that  even  when  the 
cells  and  the  bacilli  came  into  contact  within  the  peritoneal 
cavity  and  where  phagocytosis  could  be  proved  to  have  occurred, 
samples  removed  from  the  peritoneum  showed  no  loss  of  viru- 
lence for  other  animals.  On  the  other  hand  the  same  observers 
after  mixing  bacilli  with  suspensions  of  lymph  glands  and 
incubating  for  varying  periods,  showed  that  after  prolonged 
contact  a  loss  of  virulence  was  demonstrable.  Also  Opie 
injecting  leucocytes,  obtained  by  introducing  turpentine  into 
the  peritoneal  cavity,  into  tuberculous  pleurae  in  animals, 
found  that  in  animals  so  treated  the  disease  progressed  less 
rapidly. 

Experimental  results  are  therefore  somewhat  conflicting,  a  fact 
which  merely  indicates  as  might  be  inferred,  a  priori,  that  '"in 
vitro"  experiments  do  not  represent  cfmditions  as  they  exist  in 
the  body,  and  that  the  difficulties  to  overcome  in  "in  vivo" 
experiments  are  too  great  to  afford  the  probability  of  obtaining 
reliable  results. 

Hence  it  seems  desirable,  with  a  view  to  throwing  further 
light  on  the  phenomenon  of  phagocytosis,  to  make  a  special 
study  of  the  types  of  cells  concerned  in  the  taking  up  of  tubercle 
bacilli  both  in  spontaneous  disease  and  under  experimental 
conditions. 

The  subject  naturally  divides  itself  under  two  heads  : — 

1.  The  cells  concerned  in  the  taking  up  of   tubercle  bacilli  as 

observed  in  tuberculosis  of  the  human  subject. 

2.  The  cells  concerned  in  this  process  under  experimental  con- 

ditions in  animals. 
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].  —  OUSEHVATIONS    ]\    HiTMAX    'I'UBRRCUIiOSIS. 

As  is  well  known,  the  tubercle  Ijacillus  is  comparatively  sekiom 
found  in  any  great  numbers  in  the  lesions  it  pi'oduces,  and  when 
found  it  is  usually  in  necrotic  caseous  material.  The  view  of  several 
authorities  regarding  the  types  of  cells  which  ingest  bacilli  brought 
into  contact  with  them  is  that  these  are  chiefly  of  the  connective 
tissue  type.  Raumgarten  in  an  analysis  of  the  literature  on  the 
subject  up  to  date  (1901)  mentions  no  other  type  of  cell.  Oith  (1901, 
190C),  1907)  admits  that  in  certain  instances  the  lymphocyte  variety  of 
leucocyte  takes  part  in  the  inflammatory  exudate  in  tuberculous 
pneumonia,  but  he  does  not  mention  anything  about  the  bacilli  beini,' 
ingested  by  them.  Councilman  (I'JOS)  in  an  analysis  of  the  tissue 
lesions  produced  by  the  tubercle  bacillus  states  that  the  bacilli  are 
found  in  part  within  the  epithelioid  and  giant  cells  of  the  tubercle, 
in  part  between  them.  They  are  rarely  found  within  polynuclear 
leucocytes  and  never  within  the  lymphoid  cells.  He  states,  however, 
that  occasionally  tubercle  bacilli  may  be  found  in  great  numbers 
within  the  polynuclear  leucocytes. 

The  material  investigated  by  me  includes  : — Several  cases  of  acute 
tuberculous  meningitis,  acute  tuberculous  encephalitis,  caseous 
broncho-pneumonia,  diffuse  caseous  pneumonia,  miliary  tuberculosis, 
mesenteric  tubercle,  &c.  The  sections  were  stained  with  carbol-  or 
anilin-fuchsin,  being  heated  in  the  paraffin  oven  for  thirty  minutes  ; 
they  were  then  decolourised  with  1  per  cent.  HCl  in  spirit  and 
count erstained  either  with  methylene  blue  or  with  Leishman's  stain. 
I  have  also  employed  Much's  method  in  a  considerable  number  of 
cases  and  have  compared  the  ivsults  with  the  appearances  in  the 
fuchsin-stained  specimens,  with  a  view  to  ascertaining  more  par- 
ticularly if  Much's  granules  are  found  in  the  interior  of  cells.  This 
method  is  a  modification  of  Gram's  stain  A  full  description  of  it 
will  be  found  in  an  article  by  Berger  (1909).  Rosenblat  (1909)  con- 
siders that  by  this  method  a  form  different  from  that  which  is  stained 
by  the  ordinary  carbol  fuchsin  method  can  lie  demonstrated.  It 
represents  the  nuclear  material  which  remains  after  the  disappearancr 
of  the  acid-fast  envelope.  Wolff  (1909)  regards  the  structure  thus 
stained  as  a  latent  form  of  the  tubercle  bacillus,  one  which  may  be 
found  where  the  usual  methods  prove  negative. 

The  results  of  this  part  of  my  investigation  may  be  summarised 
as  follows  : — 

Tubercle  bacilli  are  rarely  found  in  any  considerable  numbers  in 
tuberculous  lesions.  When  found  they  are  chiefly  extracellular  in 
position,  lying  in  iu>crotic  material.  Hut  when  isolateil  bacilli  occur 
in  small  nutnliers  at  ihe  margin  of  a  caseous  nuiss,  these  are  found 
not  infrequently  within  the  branching  type  of  cell  usually  called 
epithelioid.  Occasionally  (hey  occtir  in  large  masses  in  caseous 
nnderial  with  no  stained  cells  in  their  neighbom-hood. 

They  are  occasionally  found  in  large  numbers  either  inside  or  in 
the  neighbourhood  of  staining  cells.  For  e.\am))le,  in  acute  menin- 
gitis the  bacilli  may  sometimes  be  found  in  large  numbers  in  llie 
cells  of  Ihe  exudate  in  the  pia-arachnoid,  both  in  polymorpho- 
nuclear leucocytes  and  in  the  large  numonuclear  cells  the  nature  of 
which  is  uncertain.  In  a  case  of  acute  encephalitis  they  were 
present  in  large  numbers  in  the  polymorphs  and  also  in  bi-anching 
cells  resembling  neuroglia  ci'lls.  "  Some  of  these  latter  .which 
contained  bacilli  were  mulli-nucleated. 


IUhIij  cel/s  it.nd  tin-  hilxTck  hufiJ/us  ,•   Md/rr.  :>iC 

In  cases  of  caseous  broncho-pneumonia  in  cliililren  bacilli  arc 
often  present  in  very  large  numbers  in  the  zone  of  catarrhal  con- 
solidation in  advance  of  the  caseous  change.  Here  they  occur  in  the 
large  mononuclear  cells  which  are  obviously  endothelium  thrown  off 
from  the  alveolar  wall,  also  in  the  smaller  mononuclear  cells  which 
Orth  regards  as  of  the  nature  of  leucocytes  but  which  are  certainly 
to  some  extent  derived,  by  division,  from  the  alveolar  endothelium. 
Bacilli  also  occur  in  the  polymorphonuclear  leucocytes.  These  last 
are  more  numerous  where  the  cells  are  breaking  down.  The  bacilli 
become  much  less  numerous  when  the  completely  caseous  material 
is  reached.  Although  frequently  seen  in  close  contact  with  the 
cells  lining  the  bronchi  I  have  never  oliserved  bacilli  actually  within 
these  cells. 

In  acute  broncho-pneumonic  tubercle  of  the  adult  bacilli  are,  as  a 
rule,  much  less  frequently  seen.  When  they  are  found  it  is  chiefly 
in  the  centre  of  caseous  masses  away  from  cell  elements  or  in  the 
walls  of  cavities.  In  the  latter  position  they  may  be  observed  inside 
polymorphs,  sometimes  in  large  numbers.  Sometimes  a  mass  o!' 
bacilli  may  be  seen  surrounded  liy  polymorphs.  The.  bacilli  within 
these  polymorphs  show  no  evidi-nce  of  loss  of  staining  reaction  ;  on 
the  other  hand  the  cells  themselves  frequently  show  evidence  of 
degenerative  changes,  and  sometimes  masses  of  bacilli  may  be  found 
with  the  faint  indication  of  a  cell  body  round  them. 

In  tuberculous  ulceration  of  the  intestine  in  children  bacilli  are 
sometimes  found  in  lai'ge  numbers  both  in  the  branched  mono- 
nuclear cells  of  tuberculous  granulation  tissue  and  in  the  polymorphs. 
In  this  case,  as  in  the  case  of  the  phthisical  cavity,  the  polymorphs 
may  be  there  as  the  result  of  the  presence  of  other  germs. 

In  two  cases  of  tubercle  apparently  primary  in  the  intestine  and 
with  well  marked  lesions  in  the  mesenteric  glands  where  there  were 
numerous  giant  cells,  bacilli  were  found  in  large  numbers  in  the 
epithelioid  cells  and  also  in  tiie  giant  cells.  Here  also  there  v.'as  no 
indication  by  alteration  of  staining  reaction  that  the  bacilli  were 
undergoing  degenerative  changes  within  the  cells. 

In  sections  stained  with  Much's  method  it  did  not  a|ipear  tn  me 
that  any  mt)re  bacilli  were  demonstrated  than  by  the  older  uiethods 
The  bacilli  appeared  more  fragmented,  l)Ut  not  more  so  within  the 
cells  than  (lutside  them.  It  is  apparently  only  in  caseous  niatei'ial 
that  forms  of  the  liacillus  occur  which  can  !>•  brought  out  by  this 
method,  and  which  cannot  be  stained  by  the  older  methods. 

To  sum  up.  The  tubercle  bacilli  are  taken  up  by  the  polynuclear 
leucocytes  in  large  numbers  in  certain  cases  even  where  there  are  no 
other  germs  present  which  might  attract  these  cells.  !Moro  usually 
the  bacilli  are  found  in  cells  which  probably  have  a  ti.\i'»l  tissue 
origin  as,  for  exami)li',  the  large  catari'hal  cells  found  in  caseous 
bronclio-))neumonia,  alsn  in  (lu^  liranched  cells  (often  called 
epithelioid)  found  in  tuberculous  granulation  tissue.  'J'hey  may 
also  be  found  in  neuroglia  cells.  They  are  not  taken  up  by  the 
columnar  cells  lining  the  bronchi.  Where  l)acilli  occur  in  masses 
and  are  iu)t  surrounded  liy  caseous  material  the  cells  lound  in 
the  inmu'diate  vicinity  are  usually  chietly  polymorphonuclear 
leucocytes. 

i^acilli  are  cmly  vei-\  rar.l\  In  Ik'  fnuud  in  giaiil  I'dls  in  liunian 
tuberculosis.  When  (hey  arc  found  lliey  ceciir  at  (lie  same  lime  in 
the    e))i|ln'li(Md    cells    arnund.      Their    |ircscnec    tliiTc    ;i|i|icars   lo   lie 
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associated  with  a  particular  degree  of  virulence  on  the  part  of  the 
organism  and  a  particular  state  of  resistance  on  the  part  of  the 
individual.  It  does  not  necessarily  mean  a  specially  rapid  rate  of 
progress  in  the  disease. 

To  put  the  results  in  anotlier  way,  the  cellular  reaction  to  the 
tubercle  bacillus  under  certain  conditions  differs  in  no  way  from 
that  seen  in  the  case  of  other  organisms.  As  a  rule,  however,  the 
tubercle  bacillus  being  slow  of  multiplication,  the  reaction  is  of  a 
chronic  type  in  which  connective  tissue  elements  predominate. 


II. — Experimental  Observations. 

Broden(1899)  injected  into  the  peritoneal  cavity  of  dogs  emulsions 
of  bacilli,  removed  the  exudate  at  intervals,  killed  the  animals  at 
Stated  periods  and  examined  the  tissues.  Up  to  2-1  hours  after 
injection  the  chief  cell  present  was  the  polymorphonuclear  leucocyte. 
Many  of  these  contained  bacilli.  After  24  hours,  monuclear  forms 
began  to  appear  ;  these  Broden  considers  are  the  product  of  dividing 
endothelial  cells.  These  cells,  he  found,  frequently  contained  bacilli 
and  steadily  increased  in  number.  No  mention  is  made  of  mono- 
nuclear leucocytes  or  other  forms  of  cells. 

Beattie  (19(»3)  injected  tubercle  bacilli  into  the  peritoneal  cavity  of 
guinea  pigs,  and  subse(|uently  examined  the  exudate  and  the  tissues 
at  stated  intervals.  The  bacilli  were  found  mainly  in  the  mono- 
nucleated  cells.  A  few  were  found  in  polymorphs.  Beattie 
suggests  that  the  polymorphs  do  not  migrate  into  the  peritoneal 
cavity  so  early  after  injections  of  pure  cultures  of  tubercle  as  they  do 
after  the  injection  of  other  organisms.  The  monouTicleated  cells  are 
present  from  the  beginning  and  they  take  up  the  organisms  just  as 
they  take  up  foreign  bodies.  Before  the  polymorphs  have  been 
"  called  out "  the  mononuclear  cells  have  already  ingested  the 
bacilli. 

Markl  (l',H).>)  injected  various  i-trains,  human  and  bovine,  into  the 
peritoneal  cavity  of  guinea  pigs.  Fluid  was  witlulrawn  from  the 
peritoneum  from  time  to  time  by  means  of  capillary  pipettes  ami 
examined  microscopically  in  stained  films.  After  three  hours  the 
bacilli  had  been  taken  up  in  large  numbers  by  the  polymorphs. 
Many  were  still  free  :  these  later  became  swollen  and  lost  their 
staining  reaction.  After  two  days  the  bacilli  within  the  leucocytes 
showed  loss  of  staining  and  granularity.  .Vfter  three  days  mono- 
nuclear forms  began  to  ai)i)ear  in  the  exudate.  Very  few  normal 
staining  bacilli  w-ere  fount!,  the  majority  showing  marked  evidence 
of  degeneration.  After  four  days  bacilli  staining  normally  ai)peared 
in  large  numbers  and  were  found  within  the  polymorphs.  Markl 
concludes  that  the  polymorphs  are  the  lirst  line  of  defence.  They 
take  up  the  bacilli  and  act  upon  them  so  that  they  lose  their 
characteristic  staining  reaction.  In  the  proce-s  many  of  the  cells  are 
destroyed  and  in  their  place  fresh  polymorphs  and  moiuMiuclear 
forms  api)ear.  The  bacilli  which  are  not  taken  up  by  the  cells 
undergo  a  progressive  degeneration. 

Harlcl  and  Neumann  (i'.IOti)  produced  an  artilieial  e.\udat<'  in  the 
l)(M'itoneal  cavity  of  rabbits,  guinea  i)igs  and  dogs  by  means  of 
aleiirone  grain  injections.  Tiiis  was  willidrawn  and  mixed  with 
t^mulsions  of  tubercle  baeijli  ;  the  mixture  was  then  incul)ated. 
Films    were    made    and    also    inoculations.     Hartel  and    Neumann 
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couclude  that  the  bacilli  are  taken  up  by  the  polymorphs  in  the  first 
instance.  After  24  hours  to  three  days  the  polymorphs  are  gradually 
replaced  bj'  mononuclear  forms  until  in  from  tliree  or  five  days  they 
completely  disappear.  The  polymorphs  again  appear  when  caseation 
has  occurred.  With  regard  to  the  effect  of  the  leucocytes  upon  the 
virulence  of  the  organisms,  no  weakening  of  the  tubercle  bacilli  was 
observed  and  there  was  no  difference  in  virulence  between  bacilli 
treated  with  exudate  whei'e  polymorphs  predominated  and  those 
treated  with  the  mononuclear  exudate.  They  conclude  that  the 
taking  up  of  the  bacilli  by  the  cells  is  of  importance  only  in  so  far  as 
these  cells  are  the  means  by  which  the  organisms  are  carried  to  the 
lymph  glands,  where  the  true  struggle  between  the  tubercle  bacillus 
and  its  poisons  is  carried  out. 

The  experiments  which  I  have  conducted  for  the  present  enquiry 
may  be  divided  into  (1)  those  carried  out  by  inoculating  animals 
with  virulent  turbercle  bacilli  and  observing  the  cellular  reaction, 
and  (2)  similar  observations  upon  animals  treated  with  doses  of 
tuberculin. 


(1.)  Inoculatiuti  Experiments  on  untreated  (inimals. 

A  series  of  six  rabbits  was  inoculated  with  2i  cc.  of  an  emulsion 
of  a  strain  of  tubercle,  obtained  from  the  mesenteric  glands  of  a 
child,  which  showed  the  characters  of  the  "  typus  humanus."  At 
intervals  of  24.  48,  72  hours,  6  days  and  10  days  the  animals  were 
killed  ;  fluid  was  drawn  off  from  the  abdomen  and  examined  on 
the  warm  stage  and  in  films  stained  by  various  methods.  The 
omentum  was  removed,  fixed,  spread  out  and  examined.  Portions 
were  also  cut  in  paraffin.  Two  other  rabbits  were  also  inoculated 
with  a  strain  with  the  characters  of  "  typus  bovinus "  ;  they  were 
killed  at  intervals  of  8  and  24  days.  The  methods  for  staining  used 
were,  for  films,  Leishman,  .Jeaner,  and  combinations  of  these  with 
bacillary  stain  ;  the  bacillary  stain  used  was  carbol-  or  anilin-fuchsin 
(two  minutes  steaming ;  decolourisation  with  1  per  cent.  HCl 
in  methylated  spirit).  Sections  were  stained  for  half-an-hour  in 
carbol-  or  anilin-fuchsin  in  paraffin  bath  and  counterstained  in 
Leishman  or  in  methylene  blue. 

The  following  is  a  summary  of  the  findings  : — 
24  hours  after  inoculation. — Types  of  cells  present  are  as  follows : — 

1.  Polymorphonuclear  amphophils. 

2.  Small  mononuclear  cells  corresponding  in  appearance  to  the 

lymphocytes  of  the  blood. 

3.  Larger  mononuclear  cells  with  larger  nucleus  and  considerable 

amount  of  protoplasm  which  is  often  vacuolated. 

4.  Cells  with  the  characters  of   endothelial  cells   but   rounded 

and  with  vacuolated  protoplasm.  No  hard  and  fast  line 
can  be  drawn  between  (15)  and  (4). 
The  predominant  type  present  in  the  exudate  is  the  monuclear 
of  larger  type  although  polymorphs  are  abumlant,  especially 
in  the  omental  tissue.  Tubercle  bacilli  arc  relatively  few 
in  number  and  may  be  seen  in  the  polymorphs  but  in 
larger  numbers  in  thi'  free  numonuclears  and  fixed  en- 
dothelial cells.  Marked  i)hagocytosis  of  largei-  nKuumuclears 
for  polymorjjhs. 
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48  hotij's  (ifler  luacalutiun. — Same  types  of  cells  observed.  Lirger 
cells  observed  on  warm  stage  have  markedly  branched  and 
vacuolated  protoplasm,  the  processes  uniting  with  others  from 
similar  cells.  Spread  omentum  already  shows  aggregation  of 
cells  into  groups,  some  of  which  contain  masses  of  bacilli. 
Where  bacilli  occur  in  masses  they  are  always  surrounded  by 
polymorphs,  but  when  isolated  they  occur  chiefly  in  the  larger 
mononuclears. 

72  hours  after  riwcidatiun. — A  more  marked  reaction  is  to  be 
observed.  Large  numbers  of  medium  sized  mononuclear  cells 
with  vacuolated  protoplasm  frequently  containing  bacilli.  Some 
of  these  are  bi-nucleated,  and  occasionally  the  nucleus  may  show 
mitosis.  Groups  of  these  cells  are  to  be  observed  on  the  surface 
of  the  omentum. 

Marked  infiltration  of  the  omentum  with  cells,  both 
polymorphs  and  mononuclears,  more  especially  the  latter, 
aggregated  into  groups.  Surface  cells  show  evidence  of 
multiplication,  many  of  them  being  bi-nucleated. 

Bacilli  found  in  the  fixed  endothelial  cells,  also  in  roundeil 
mononuclear  cells. 

t)  days  after  inoculation. — Lymphocyte-like  cells  arc  now  more 
numerous,  polymorphs  relatively  few  in  fluid,  more  numerous 
in  omentum.  Distinct  aggregation  of  cells  into  clumps,  many 
of  which  have  giant  cells  in  their  centres.  Bacilli  are  fairly 
numerous  and  occur  chiefly  in  the  giant  cells.  Cells  around 
are  mainly  mononuclear  forms  resembling  large  lymphocytes. 
A  considerable  number  of  polymorphs  may  be  seen  scatteretl 
through  them.  Mitotic  figures  are  not  numerous  but  may  be 
seen  in  the  fixed  endothelial  cells.  Large  mononuclears  free  on 
surface  found  containing  bacilli. 

10  daifs  after  inoculaliim. — Cells  of  lynii)hocyte  type  both  large  and 
small  predominate,  but  polymorphs  again  numerous.  Some  of 
the  larger  mononuclear  cells  are  bi-nucloated  and  sliow  all 
stages  of  division  by  direct  method.  Omentum  greatly  thickened 
by  infiltration  with  cells.  These  are  aggregated  into  foci  in  the 
centres  of  which  areas  of  commencing  caseation  can  be  seen. 
Ill  these  centres  i)iilym()ri)hs  are  s|)ecially  numerous.  Cells 
making  up  aggregations  aw  large  branched  mononucleai's 
(epithelioid  cells)  ;  Ijacilli  are  very  numerous  in  them.  Some 
cells  multinucleated  forming  fairly  typical  giani  cells,  also 
containing  bacilli.  In  caseous  areas  bacilli  occur  in  polynn)ri)lis 
and  also  frei'.  Surface  endothelial  cells  show  evidence  of  active 
iiiiiitiplicalioii.  Small  lymi>hocytes  present  in  tissue  but  not 
xt'ry  numerous. 

In  another  animal  inoculated  at  the  same  lime  and  kille  I  afler 
1(1  days  the  apiiearances  weri^  i)recisely  similar. 

Ill  (lie  animals  iiiociilad  d  witii  tlii^  bovine  strain  the  ap))earauces 
resrnibUd  tliosc  IoiiimI  in  animals  killed  |()  days  afler  injection  of 
the  human  strain.  lii  llie  case  of  Mniiiial  killed  after  "Jl  days 
caseation  was  more  advaiued. 

.Another  serious  ol  ex|>eiimi'iils  was  |ierl'ornied  iiy  inoculating 
three  guinea  |)igs  wiili  liovine  liibereK'  bacilli.  The  |ieriioneal 
exudate  was  witlidr.iwn  and  examined  at  intervals  of  ."),  2L  l>>  hours, 
W  antl  7  days.  The  animuls  were  killed  afler  V,  L!,  and  211  days  :  the 
fluid  was  witlidrawn  and  examined,  the  omentum  was  spi'esid  out , 
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staiued  ami  examined,  and  sections  of  omentum,  abdominal  glands, 
and  other  organs  were  made  and  stained.  As  regards  staining 
methods  used,  in  addition  to  those  previously  mentioned  Much's 
modification  of  Gram's  method  was  employed  in  every  instance  to 
compare  with  the  carbol-fuchsin-Leishman  preparations. 

Two  and  a  half  cc.  of  the  emulsion  were  in  each  case  injected. 
Stained  by  Much's  method,  the  emulsion  showed  apparently  all  the 
bacilli  black  but  with  distinct  gaps,  some  being  swollen  and  club- 
shaped.  The  counterstain  used  was  dilute  fuchsin,  but  there  was  no 
evidence  of  anj'  bacilli  being  stained  with  it.  Specimens  st«ined 
with  carbol  fuchsin  showed  the  bacilli  much  more  homogeneous, 
and  where  granules  were  seen  the  intervening  portions  of  the 
organism  still  stained  faintly  i)ink. 

After  five  hours  the  predominant  cell  is  undoubtedly  the 
polymorph.  Many  of  these  contain  bacilli,  some  are  tilled  with  them. 
iMononuclear  forms  are  relativelj-  few,  a  few  of  these  have  the 
appearance  of  free  endothelial  cells.  The  majority  are  fairly  large 
rounded  cells  with  a  large  amount  of  finely  granular  and  vacuolated 
protoplasm.  Many  of  these  contain  bacilli.  None  of  the  mono- 
nuclear forms  show  a  tendency  to  take  up  polymorphs.  There  are 
very  few  free  bacilli.  Stained  with  Much's  method  the  bacilli  with- 
in the  cells  appear  to  be  slightly  more  granular.  The  number  of 
coarsely  granular  eosinophils  varied  in  different  animals. 

After  24  hours  the  mononuclear  cells  are  distinctly  more  numerous. 
A  large  number  of  these  ajipear  like  free  endothelial  cells.  They 
are  large  cells  with  abundant  vacuolated  protoplasm  staining  faintly 
pink.  Polymori)hs  are  still  abundant  and  contain  many  bacilli. 
Many  occur  within  mononuclear  forms.  All  the  mononuclear  forms 
show  marked  phagocytic  properties  as  regai'ds  the  bacilli.  Cells 
resembling  small  h'mphocytes  are  fairly  numerous  and  are  occasion- 
ally to  be  seen  inside  large  mononuclear  forms.  Much-stained 
specimens  show  no  change  in  the  appearance  of  the  bacilli. 

After  48  hours  there  is  a  further  increase  in  the  number  of  mono- 
nuclear cells.  Some  are  obviouslj-  free  endothelial  cells.  These 
show  marked  phagocytic  activity  for  polymorphs  and  for  bacilli. 
Other  cells  are  smaller  and  rounded  with  protoplasm  which  takes  on 
a  bluish  tinge.  These  also  show  marked  phagocytic  activity.  Small 
lymphocytes  are  now  fairly  abundant.  l;)ut  no  very  sharp  line  can  bo 
drawn  between  these  and  the  previous  variety.  Polymorphs  are  still 
fairly  abundant  but  few  now  contain  bacilli.  No  bacilli  with 
characteristic  staining  reaction  are  found  free,  but  bodies  resembling 
organisms  and  staining  faintly  blue  or  pink  are  found  free.  Probably 
these  are  the  liodies  regarded  l)y  Markl  as  degenerating  tubercle 
bacilli,  but  in  the  absence  of  distinct  gradations  between  these 
bodies  and  bacilli  staining  in  the  usual  way  it  would  be  rash  to 
draw  such  a  conclusion.  In  specimens  stained  by  Much's  method 
there  is  some  evidence  of  increased  granularity  in  the  ^bacilli 
within  the  cells. 

After  three  days  the  larger  mononuclear  cells  preduminate.  Tlu-re 
are  a  few  distinct  endothelial  cells,  but  the  majority  are  of  the  round 
vacuolated  type,  the  iirotojjlasm  of  which  takes  on  tlie  basic  stain. 
Bacilli  are  fairly  nvnnerous  in  these,  and  witii  Much's  metiiod  they 
appear  to  l)e  somewhat  more  granular.  Phagocytic  activity  of  the 
large  mononuclears  for  other  types  ot  cells  is  not  so  marked. 
Small  lymphocytes  oeeui-  in  fair  abundance.  Some,  although  not 
tlie  verv  smallest,  contain  l>aeilli. 
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After  seven  days  the  most  frequent  cell  is  now  the  smaller 
mononuclear,  cells  resembling  lymphocytes  or  a  little  larger.  Cells 
resembling  endothelial  cells  are  not  frequent.  Polymorphs  are  few 
in  number.  Bacilli  are  few  in  number,  and  occur  only  in  the  larger 
mononuclear  cells.  Stained  by  Much's  method,  the  bacilli  appear 
very  granular. 

After  13  days  the  cells  are  practically  all  of  the  mononuclear  tj-pe. 
The  vast  majority  consist  of  cells  with  relatively  large  round  dark 
staining  nuclei  and  a  eery  small  ring  of  finely  granular  protoplasm. 
These  vary,  however,  in  size  and  forms  intermediate  between  these 
and  the  large  endothelial-like  cell  can  be  seen. 

x\fter  15  days  the  appearances  are  very  similar,  but  a  few  more 
polymorphs  can  be  found.  There  are  also  more  of  the  large  vacuo- 
lated type  of  cell,  and  these  show  phagocytic  activity  for  small 
lymphocytes.  Tubercle  bacilli  are  present  in  small  numbers  in  the 
larger  cells. 

Summary  of  E.vpetimental  BesuUft. 

The  presence  of  the  tiibercle  bacillus  in  the  animal  body  incites 
to  the  production  of  an  exudate,  the  cellular  elements  of  which  are, 
in  the  first  instance,  chiefly  polymorphonuclear  leucocytes.  These 
rapidly  take  up  and  ingest  the  bacilli.  Mononuclear  cells  are, 
however,  also  present ;  many  of  these  are  leucocytes,  others  are  shed 
endothelial  cells.  Both  these  varieties  also  act  as  phagocytes.  After 
24  hours  the  chief  cellular  element  becomes  the  mononuclear  cell. 
Some  of  these  are  undoubtedly  free  endothelial  cells ;  they  are 
branched  and  vacuolated.  There  is  also  eviilence  of  the 
multiplication  of  these  cells.  They  are  actively  phagocytic  and 
take  up  bacilli  and  also  polymorphs.  Fixed  endothelial  cells  also 
act  as  phagocytes.  From  '21  hours  onwards  the  polymorphs  become 
steadily  less  numerous  in  the  exudate.  They  are,  however,  still  in 
evidence  in  the  tissues.  After  three  days  the  smaller  mononuclear 
cells  resembling  lymphocytes  are  present  in  large  numbers,  and 
these  increase  in  numbers  until  after  seven  days,  when  they  form 
the  predominant  type  of  cell.  These  cells  do  not  act  as  phagocytes, 
but  cells  with  a  similar  appearance,  though  witli  more  protoplasm, 
are  undouIitetUy  phagocytic.  It  is  probable  that  the  lymphocyte  is 
cai)able  of  growing  into  the  larger  form.  The  endothelial  type 
uf  cell  persists,  although  in  much  reduced  numbers.  The  bacilli 
gradually  disappear  both  in  the  cells  of  the  exudate  and  in  tho 
tissue.  There  is  no  evidence,  however,  that  they  are  destroyed 
within  the  cells.  They  certainly  become  more  granular  within  them, 
liiit  do  not  lose  their  staining  reaction  entirely.  Even  within  the 
peritoneal  cavity  there  is  a  teiidcucy  fur  the  cells  to  aggregate  and 
liirm  follicles. 

Subsc(jueut  to  the  primary  reaction  there  follows  a  period  during 
which  bacilli  are  few  and  far  l)etween,  an<l  the  cellular  reaction  in 
like  manner  subsides.  During  this  period  the  bacilli  which  are 
found  occur  in  the  niiddle  of  aggregations  of  cells  uf  mononuclear 
type,  sometimes  within  giant  cells. 

Diuing  and  aftei'  this  quiesciiit  perioil,  liie  duration  of  which 
ilrpcnds  iiiK)n  the  \irul('nee  ol'  the  urganism  and  therefore  varies 
with  tiie  strain  ol  the  germ  employed,  the  tells  present  are  chiefly  of 
the  smtdl  lymi)li()cyte  variety,  but  when  caseation  commences  in  the 
subjacent  tissue  polymorphs  are  again  in  evidence. 
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lu  the  tissues  of  the  omentum  subjacent  to  the  endothelium, 
mononuclear  cells  of  similar  appearance  to  the  endothelial  cells 
eveniually  take  up  the  bacilli.  They  enlarge,  become  branched, 
and  tend  to  aggregate  together  into  follicles.  Either  by  multipli- 
cation of  nuclei  or  by  fusion  of  cells  in  certain  cases,  depending 
largely  upon  the  strain  of  the  organism,  giant  cells  are  formed. 
Later  on,  when  caseation  and  breaking  down  of  tissue  takes  jjlace, 
again  marked  increase  in  the  polymorphs  occurs.  They  again 
show  active  phagocytosis  for  bacilli  and  suffer  inclusion  from  larger 
phagocytes.  There  is  no  evidence  that  by  Much's  method  forms  of 
the  organism  are  demonstrated  which  cannot  be  shown  by  the  older 
methods. 

It  has  been  stated  by  some  authors  that  the  primary  leucocytic 
reaction  is  merely  the  reaction  to  the  bacillus  as  a  foreign  body, 
and  that  there  is  nothing  specific  about  it.  That  this  is  not  the 
case  is  shown  by  the  variation  to  be  observed  in  the  waj"  in 
which  phagocytes  ingest  the  organisms  in  opsonic  estimations.  The 
tubercle  bacillus  carries  with  it  specific  toxins  which  are  operative 
at  once  in  modifying  the  reaction  following  their  introduction  into 
the  tissues. 

In  the  foregoing  observations  no  attempt  has  been  made  to 
distinguish  between  the  endothelial  cells  lining  the  peritoneal 
cavity  and  endothelial  cells  and  connective  tissue  cells  of  the 
omentum  itself.  This  is  because  I  believe  with  Schott  (1901')  that 
no  such  distinction  can  be  made.  To  use  this  author's  language, 
"  in  inflammatory  processes  of  the  peritoneum  all  the  sessile  cell 
elements  of  the  peritoneuni  are  concerned.  No  distinction  can  be 
made  between  the  covering  cells  and  the  subjacent  connective 
tissue  cells." 

(2)  Ex^jeriinentfi  uii  Aninuds  treated  ivith  Tuberculin. 

.Imong  the  first  to  publish  experimental  results  with  tuberculin 
were  Arloing,  Rodet,  and  Courmont  (1892).  According  to  their 
obstrvations  no  arrest  of  the  tuberculous  process  occurred  in  inoc- 
ulated animals.  On  the  contrary  the  treatment  appeared  to  favour 
the  multiplication  and  extension  of  the  tuberculous  process.  As 
regards  the  histological  results  of  treatment,  they  observetl  congestion, 
intlammatorj-  exudation,  chiefly  of  lymphatic  cells  in  the  alveolar 
walls  but  also  of  fibrin  and  of  catarrhal  cells  into  the  alveoli  them- 
selves ;  in  addition,  they  found  hyaline  degeneration  of  the  epithelial 
cells  and  formation  of  new  tubercles  (pp.  47  and  7-4). 

Klebs  (1894)  in  an  exhaustive  study  of  the  effect  of  tuberculin  on 
animals  states  his  histological  findings  as  follows  : — The  resolution 
of  tuberculous  lesions  which  follows  this  treatment  with  tuberculin 
is  accompanied  by  a  slight  inflammatory  reaction  consisting  in  dila- 
tation of  vessels,  exudation  of  fluid  and  emmigration  of  a  few 
leucocytes.  This  very  slight  leucocytosis  which  accompanies  a 
properly  couducteil  course  of  tuberculin  treatment  provides  the 
necessary  material  for  the  restitution  of  the  tubercle  cells,  notably 
nuclein  (p.  247).  The  too  liberal  use  of  raw  tuberculin  provides  an 
inflammatory  reaction  which  is  damaging  and  leads  to  the  dissemina- 
tion of  the  disease  (p.  219). 

Hroden  (1899)  inoculated  tuberculin  (l)enys),  sometimes  before 
sometimes  after  inoculation  of  emulsions  of  bacilli,  into  the  peri- 
toneal cavity.      He  emicludes  that    the  tubercle  neojilasm  is  much 
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iiiore  developed  in  the  treated  animals ;  in  c)tlier  words  the 
defence  is  much  more  energetic.  In  the  treated  animals  the 
bacilli  remain  few  in  number,  isolated  in  the  cells.  Sometimes 
they  stain  badlj',  become  granular  and  disappear.  There  is  no 
essential  difference  between  the  reaction  in  animals  treated  with 
tuberculin.  The  tuberculin  merely  reinforces  the  defensive  powers 
of  the  bodj'. 

The  following  are  the  results  of  mj-  own  experiments  : — 

First  Series. — Three  animals  were  inoculated  with  •!  cc.  of 
tuberculin,  a  dose  which  Klebs  states  produces  a  definite  degree  of 
protection,  and  after  24  hours  these  and  three  untreated  animals  had 
each  2^  cc.  of  a  suspension  of  bovine  bacilli  injected  into  the  peri- 
toueal  cavity.  Fluid  was  withdrawn  at  intervals  of  5,  24,  48  hours, 
."5  days,  and  7  days,  and  the  animals  killed  after  7.  13,  and  20  days 
respectively,  and  the  tissues  examined  carefully.  In  every  case  in 
addition  to  ordinary  staining  methoils  Much's  moditication  of  Gram 
was  used. 

It  may  be  stated  at  once  that  iu  the  early  stages  no  distinct 
difference  was  to  be  observed  between  the  two  sets  of  animals.  In 
the  later  stages  the  differences  were  not  sufficiently  marked  to  call 
for  notice. 

Second  Series. — A  guinea-pig  which  had  been  injected  with  bovine 
tubercle  l)acilli  eight  days  previously  was  given  a  dose  of  "1  cc.  of 
old  ti^berculin  (Lucius  and  Brtining,  Hochst  a/m).  The  characters 
of  the  peritoneal  exudate  were  examineil  before  injection  and  at 
intervals  of  4,  8,  24,  32  hours  and  48  hours  after,  and  at  tlie  same 
time  compared  with  an  animal  inoculated  with  bacilli  but  untreated 
with  tuberculin.  In  every  case  Much's  method  was  used  in  addition 
to  carbol-fuchsin.  At  the  same  time  the  temperature  of  the  animal 
was  taken. 

Before  inoculation  the  cells  were  chielly  of  the  .small  lymphocyte 
type.  Endothelial  cells  and  large  lymphocytes  were  also  present, 
but  no  polymorphs.     No  bacilli  were  found. 

F(mr  hours  after  there  is  a  distinct  increase  in  tlu'  number  of 
polymorphs.  The  large  mononuclears  show  eviilence  of  phagocytic 
activity  towards  the  leucocytes. 

Fit/ht  hours  after  the  number  of  iiolynicirjilis  is  still  more 
marked. 

Ttvetilji-fiiitr  hours  after. — Small  lyniplmcytes  aie  still  iiuinei-ous. 
There  is  a  distiuct  increase  in  the  large  mononuclear  type  of  cell. 
These  are  markedly  vacuolated.  One  of  these  was  found  in  (irocess 
of  mitotic  division.  l'<dymorphH  are  present  in  abuiidame  and 
eosinophils  are  also  numerous.     No  bacilli  wei'e  I'luind. 

Thirtj/Jiro  hoars  aftrr. — The  iiredouiinant  cell  is  now  the  large 
vactujiated  (undotliflial)  cell.  Many  of  these  have  two  nuclei.  .V 
few  tubercle  liacilli  were  foiiiKl  in  these  cells  after  careful  search. 
I'olyuiorplis  are  relati\fly  not  ,so  niiineroiis  :  ei)sinoi)hils  are  also 
few  in  number. 

FoHii-eiqht  /lours  after. — Lymphocytes,  both  small  and  large,  are 
the  child'  ty])e  of  cell  present.  There  are  a  fair  nuud)er  of  Jtoly- 
mor|)hs,  iiiil  tlicv  an'  not  nearly  so  luiunr'ous       Xo  l)a(  illi  have  been 

foul  111. 
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A  second  guinea-pig  was  inoenlateil  witla  1  cc.  of  bovine  tuber- 
culin, 17  (lays  after  inoculation  with  an  emulsion  of  bovine  bacilli. 
Samples  of  peritoneal  exudate  were  removed  bj-  needle  as  before. 
Again  a  pronounced  activity  on  the  part  of  the  polymorphs  and, 
later,  on  the  part  of  the  endothelial  cells  was  observed. 

A  rabbit,  inoculated  with  bovine  tubercle  emulsion  17  days  pre- 
viously, had  •03  cc.  old  tuberculin  injected  into  the  right  groin. 
Samples  of  peritoneal  exudate  were  withdrawn  at  the  same  intervals 
as  before,  with  very  similar  I'esults  to  the  above.  A  similar  increase 
in  the  number  of  polymorphs  in  the  exudate  was  observed. 

A  third  series  of  experiments  was  carried  out  with  a  view  to 
determining  whether  any  diiference  was  observable  in  the  inflamma- 
tory reaction  to  tubercle  bacilli  in  animals  which  had  been  immunised 
by  a  course  of  tuberculin  treatment  and  animals  which  had  not  been 
so  immunised. 

The  method  of  immunisation  was  that  adopted  by  Klebs, 
apparently  with  success.  Three  guinea-pigs  were  inoculated  with 
•Oi  cc.  tuberculin  R.  The  following  day  a  similar  dose  was  given. 
Two  days  later  a  dose  of  '1  cc.  was  given.  Four  days  after,  a  dose  of 
•2  cc.  was  given  to  two  of  the  animals.  One  was  oljserved  to  bo  dis- 
inclined to  move.  It  was  killed  with  chloroform  and  examined 
carefully.     Nothing  of  note  was  found. 

Four  days  after  the  last  injection  the  two  remaining  guinea-pigs, 
weighing  respectively  3(55  and  3'.10  grammes,  were  inocttlated  with 
2h  cc.  of  an  emulsion  of  tubercle  bacilli  obtained  from  a  case  of 
mesenteric  and  pulmonary  tuberculosis  in  the  human  subject.  At 
the  same  time  two  other  guinea-pigs,  weighing  respectively  280  and 
350  grammes,  were  inoculated  with  the  same  dose. 

Samples  of  the  fluid  from  the  peritoneal  cavities  were  removed  at 
intervals  of  24,  48  hours,  4  days  and  6  days. 

After  24  hours  the  chief  cells  present  were  the  polymorphs,  many 
of  which  contained  bacilli.  Large  mononuclear  cells  were  al.so 
present  showing  vacuolation  and  phagocytic  activity  towards  bacilli. 
No  difference  was  observed  in  the  immunised  animals. 

After  four  days  the  mononuclears  were  the  predominate  cell,  and 
bacilli  were  found  chiefly  in  them.  These  cells  also  showed  marked 
phagocytic  activity  for  the  polymorphs.  In  the  unimmunised 
animals  the  polymorphs  appeared  to  be  more  numerous.  The  bacilli 
were  found  to  be  still  present  in  them  in  abundance.  There  was 
also  some  difference  as  regards  the  number  of  bacilli  present,  the 
untreated  animals  showing  much  greater  numbers.  Little  stress 
can,  however,  he  laiil  upon  these  variations  owing  to  the  considerable 
Llifl'erence  in  the  weight  of  the  animals. 


Summary  of  resiilffi  ohininrd  in  animah  I rcatod  irith  (uberraiin. 

No  dilVerence  is  to  be  seen  in  the  cellular  reaction  to  the  tubercle 
bacillus  in  animals  treated  with  a  single  large  dose  of  tuberculin, 
nor  in  those  treated  previous  to  inoculation  with  a  series  nf  doses 
increasing  in  strength.  If,  however,  an  animal  already  infected  be 
treated  with  tuberculin, a  marked  increase?  in  the  polymorphonuclear 
reaction  is  to  be  observed  with  a  corresponding  increased  phagocytic 
acti\ity  of  mononuclear  forms  for  polymorphs. 
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There  is  also  increased  activity  and  probably  a  multiplication  of 
the  fixed  tissue  cells  concerned  in  the  formation  of  the  tubercle 
granulations.  Some  of  these  cells  containing  bacilli  may,  in  the 
process,  be  set  free. 

Genrral  Conclusions. 

1.  The  tubercle  bacillus  is  in  the  first  place  largely  taken  up  by 
the  polymorphonuclear  lencocytes.  Snlisequently  the  mononuclear 
cells,  which  are  to  a  considerable  extent  of  endothelial  and  connective 
tissue  origin,  take  up  the  polymorphs  and  also  ingest  bacilli  on  their 
own  account,  hence  the  bacilli  come  to  lie  within  such  mononuclear 
cells.  These  develop  into  the  so-called  endothelial  cells  of  the 
tubercle  follicle.  This  is  ti'ue  of  the  later  stages  of  the  disease  as 
well  as  of  the  earlier.  The  more  acute  the  disease  the  more  marked 
is  this  phagocytic  activity  of  the  polymorphs.  When  masses  of  bacilli 
occur  in  a  tissue,  the  cells  in  immediate  contact  with  them,  if  there 
be  any  such,  are  polymorphs. 

In  other  words  the  cellular  reaction  is  the  same  in  tuberculosis  as 
in  other  infective  conditions,  the  polymorphs  forming  the  first  line 
of  defence.  The  connective  tissue  cells  are  prominently  present  as  a 
rule,  because  of  the  relatively  slow  action  of  the  poison. 

As  regards  the  large  mononuclear  cells  of  the  blood,  these  also 
show  phagocytic  activity,  but  in  the  later  stages  of  the  reaction  it 
is  impossible  to  distinguish  these  from  cells  of  the  connective 
tissue  type. 

2.  There  is  no  obvious  variation  from  this  sequence  of  events  to 
be  observed  in  animals  treated  with  single  doses  of  tuberculin  or 
in  those  which  have  been  "  immunised "  by  repeated  doses  of 
tuberculin.  On  the  other  hand  tlie  administration  of  a  single  dose 
of  ti^berculin  in  an  animal  already  infected  with  the  disease  has 
the  result  of  considerably  increasing  the  polymorphonuclear 
and  probably  also  the  connective  tissue  reaction  in  the  infected 
area. 

:-5.  Bacilli  ingested  by  phagocytes  appear  more  granular,  especially 
when  stained  with  !\Iuch's  method.  There  is,  however,  no  evidence 
in  active  tuberculosis  that  a  form  of  the  organism  is  stained  by 
this  method  which  cannot  be  demonstrated  by  the  older  methotls. 
Further,  there  does  not  appear  to  be  ground  for  believing  that 
within  the  jihagocyte  the  bacillus  undergoes  a  change  whereby  it 
loses  entirely  its  power  to  lix  aniline  dyes. 

4.  In  animals  treated  with  tuberculin  there  is  no  olivious  increase 
of  the  numljer  of  granular  bacilli  as  demonstrated  by  Much's  method 
or  by  the  older  methods  when  compared  with  the  number  seen  in 
untr(Mited  animals. 

Tlie  autlior  wishes  to  express  his  gratitude  to  Professor  I-eith  of 
Birmingham  University  and  to  Dr.  James  Ritchie  of  the  Laboratories 
of  the  Royal  College  of  Physicians,  Edinburgh,  for  their  kindness 
in  allowing  the  foregoing  work  to  be  carried  out  in  their  labora- 
tories. 
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A  Contribution   to   the    Study    of  the    Sub-Chorial 
Hasmatoma  of  the  Decidua  (the  Blood  Mole). 

By  Alice  M.  Hutchison,  M.D.  (Edin.). 

(Abstract  of  a  thesis  for  the  degree  of  M.D.  of  Edinhurgh  University 
in  1905.) 

During  a  year's  work  at  the  Hospice,  219,  High  Street,  Edinburgh, 
my  interest  in  the  subject  of  blood  moles  was  aroused  by  the  fact  that 
five  such  specimens  came  into  my  hands.  Two  have  since  been  sent 
to  me  for  examination,  making  a  total  of  seven.  I  was  still  further 
interested,  and  stimulated  to  make  a  careful  study  of  these  specimens 
with  a  view,  if  possible,  to  throwing  some  fresh  light  on  the  subject, 
by  finding  that  four  out  of  the  seven  cases  had  to  be  curetted  on 
account  of  continuance  of  symptoms.  A  microscopical  examination 
of  the  curettings  was  unfortunately  only  made  in  two  of  them. 

Before  entering  upon  a  description  of  these  cases,  it  is  intended 
to  review  very  shortly  the  various  theories  that  have  been  put  forward 
up  to  the  present  time  as  to  the  causation  of  blood  moles;  these 
having  been  gleaned  from  the  literature  on  the  subject.  Most  of 
them  are  based  upon  no  proper  investigation,  and  are  of  little  value. 

The  earliest  writers  on  the  subject  date  from  the  time  of  Hippocrates 
and  Galen,  and  amongst  later  ones  must  be  mentioned  ilitschik, 
Miiller,  Scanzoni  and  Perenice.  Of  still  more  recent  writers  the 
most  noteworthy  are  Jakobson,  Schwalbe,  Spiegelberg,  Leditsch 
and  Galabin  (1891).  Breus,  however,  in  his  paper  published 
in  1894,  was  the  first  to  give  a  detailed  description  of 
these  sacs  and  a  definite  theory,  formulated  as  the  result  of 
his  investigations.  The  variety  characterized  by  the  presence 
of  many  polypoid  blood  effusions  he  believed  to  be  quite  dis- 
tinct from  ordinary  blood  or  fleshy  moles  and  to  originate  in  the 
following  way: — First,  death  of  the  foetus  occurs  from  unknown 
causes  about  the  second  month.  The  foetal  membranes,  however, 
continue  their  growth,  and,  finally,  owing  to  the  lack  of  any  expanding 
pressure,  fold  inwards  and  form  diverticula  which  are  rapidly  filled 
by  blood  effusions,  the  late  involvement  of  the  decidua  and 
consequent  long  retention  of  the  ovum  being  thus  explained.  This 
theory  Breus  formulated  as  the  result  of  a  cai-eful  naked-eye  investi- 
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gation  of  tlie  diverticular  membranes.  Three  points  about  them  he 
emphasized  especially,  as  proving  that  they  are  preformed  sacs  and 
not  mere  projections  of  the  amnio-chorion  through  blood  eiiusions  :  — 

1.  Their  extremely  complicated  shapes  and  stalks. 

2.  The  presence  of  empty  sacs,  which  show  no  sign  of  having 
had  blood  in  them. 

3.  The  fact  that  the  membranes,  when  emptied  of  blood-clot, 
retain  their  various  shapes  and  show  strands  of  connective  tissue. 

Neumann,  in  1897,  attacked  Breus's  paper,  and  a  lively  discussion 
followed,  Breus's  mole  being  held  by  many  to  be  in  no  way  different 
from  an  ordinary  fleshy  mole,  and  the  possibility  of  further  growth  of 
the  membranes  doubtful.  Neumann  threw  a  little  light  on  the 
subject  by  suggesting  some  anomaly,  maternal  or  foetal,  as  the  cause 
of  the  haemorrhages,  and  through  them  of  the  death  of  the  foetus, 
without,  however,  discussing  the  possibilities  in  this  line  or  their 
mode  of  action. 

Gottschalk  now  stepped  in  as  a  mediator,  but  since  his  view  is 
practically  Breus's,  with  the  added  suggestion  of  insufficiency  of  the 
primitive  heart  germ  as  the  cause  of  foetal  death,  it  is  unnecessary  to 
give  it  in  detail . 

In  1891  Davidsohn's  paper  appealed.  In  this  the  author  expressed 
his  belief  that  the  striking  misproportion  between  fcBtus  and  sac  wall 
is  not  apparent  but  real,  and  since  this  does  not  originate  after  the 
death  of  the  foetus  (Breus's  theory  of  further  growth  of  the  membranes 
being  quite  untenable),  the  conclusion  must  be  that  it  was  already 
present  at  the  time  of  death.  The  only  feasible  solution  is,  therefore, 
that  hydramnios  of  the  ovum  is  the  cause  of  blood  moles.  Davidsohn 
considers  that  only  by  some  such  theorj'  as  this  is  it  possible  to 
explain  how  an  ovum  of  a  circumference  of  only  a  few  centimetres 
can  reach  a  circumference  of  10  centimetres  through  the  formation 
of  subchorial  haemorrhages,  without  uterine  contractions  being  set 
up.  Also,  to  reganl  the  disj)roportion  between  foetus  and  sac  as 
simply  a  result  of  passive  pressure  through  haemorrhages,  he  considers 
to  be  entirely  disproved  by  the  fact  that  the  chorionic  membrane  is 
thickly  set  with  villi,  and  if  by  chance  these  are  thinned  out  in 
one  part  they  are  proportionately  thicker  on  neighbouring  parts. 

Taussig  and  Engel  may  be  mentioned  as  exponents  of  the  theory 
of  a  secondary  hydramnios.  As  a  possible  cause  of  it  they 
mention  endometritis  or  some  other  form  of  genital  iiisease,  since  this 
was  present  in  some  of  their  cases. 

Bauereisen's  view,  thougli  (piito  uiitoiiablp,  may  bo  sliortly 
mentioned.      He    believes    that    (IciiortcKJ    villi    in    or    pressing    on 
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decidual  veins,  block  the  circulation  and  cause  a  stasis.  The  foetus 
dies  from  lack  of  nourishment  and  haematoidal  swellings  develop 
owing  toaccumulationof  blood  in  the  sinuses.  Bauereisen  formulated 
this  theory  upon  the  fact  that  in  his  microscopical  examinations  he 
found  what  he  took  to  be  deported  villi  in  the  deep  decidua,  i.e.,  villi 
having  no  connection  with  the  amnio-chorion. 

The  first  British  writer  on  the  subject  is  Dr.  Berry  Hart,  and  his 
theory  of  origin  is  as  follows  :  — There  is  a  blocking  of  the  serotinal 
sinuses  in  the  large-celled  layer,  which  is  an  exaggeration  of  the 
physiological  thrombosis  of  these  sinuses  observed  at  different  stages 
of  pregnancy  by  different  observers,  Dr.  Gulland  and  himself  in  this 
country  and  Friedlander  and  Leopold  in  Germany.  A  slow  engorge- 
ment of  the  intervillous  circulation  results,  and  the  amnio-chorion 
is  bulged  between  two  chorio-basal  septa.  In  the  microscopical 
examination  of  his  specimen.  Dr.  Berry  Hart  found  a  curved  chorio- 
basal  septum  persisting  at  the  sulcus  bounding  the  base  of  the 
tuberosities,  with  a  blocking  of  the  thin  wall  sinuses  in  the  large- 
celled  layer  of  the  serotina.  The  embryo  dies  on  account  of  interfer- 
ence with  its  circulation,  and  the  thrombosed  mass  is  expelled  after 
a  certain  time. 

Having  now  put  forward  the  main  theories  offered,  up  to  the 
present  time,  as  to  the  causation  of  blood  moles,  it  will  be  most 
convenient  to  give  here  the  details  of  the  seven  cases  mentioned. 
The  defects  in  previous  theories,  and  the  necessity  for  a  fresh  view  of 
the  subject,  will  then  be  considered. 

Clinical  Histories. 

Case  i.,  tet.  27,  i.-para.  Patient  had  a  normal  confinement  a  year 
after  her  marriage,  the  child  not  being  nursed.  During  the  following 
two  years  there  was  first  amenorrhcea  for  nine  months,  followed  by 
periods  of  combined  amenorrhoea  and  irregular  haemorrhages,  ending 
in  an  abortion.  After  the  abortion  she  was  treated  for  persistent 
bleeding.  Six  months  later  she  sought  advice  for  fioodings  following 
on  a  three  months'  period  of  amenorrhoea,  the  uterus  being  enlarged 
to  about  the  size  of  a  two  months'  pregnancy,  and  the  fornices  clear. 
After  an  interval  of  two  months  the  blood  mole  to  be  described  was 
passed.  Patient  turned  up  again  nine  months  later,  complaining  of 
irregular  haemorrhages  since  the  miscarriage,  and  she  was  curetted. 
Regular  periods  then  followed  for  eight  months,  during  which  time 
she  was  in  attendance  at  (he  Victoria  Dispensary.  Three  months 
later  she  had  an  abortion,  <level()pod  ])ncuinonia,  and  died. 

Case  ii.,  set.  31,  iv.-para.     Patient  had  two  miscarriages  between 
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the  first  and  second  child.  After  the  death  of  the  fourth  child  at  the 
time  of  weaning,  amenorrhoea  continued  for  three  months,  when  the 
sac  to  be  described  was  passed.  For  three  weeks  aftei-wards  she  bled 
at  intervals,  on  exertion  or  with  any  excitement.  Two  normal 
periods  followed,  and  three  months  later  a  second  blood  mole  was 


Case  hi.,  ix.-para.  Patient  had  six  normal  pregnancies  in 
succession,  followed  by  a  miscarriage.  Again  three  normal 
pregnancies  and  a  second  miscarriage,  followed  by  profuse  periods 
and  an  inter-menstrual  discharge  which  became  coloured  with  any 
unusual  exertion  or  excitement.  A  third  miscarriage  (blood  mole) 
occurred  after  two  months'  amenorrhoea,  and,  in  spite  of  the  fact 
that  the  sac  came  away  entire,  patient  was  curetted  on  the  third 
day  on  account  of  haemorrhage. 

Case  iv.,  set.  39,  viii.-para.  Patient  had  eight  normal  confine- 
ments, then  a  miscarriage.  A  second  miscarriage  (the  blood  mole 
to  be  described)  occurred  four  months  later. 

Case  v.,  set.  32,  vi.-para.  Patient  had  first  two  normal  confine- 
ments, then  a  miscarriage,  after  which  she  was  curetted  on  account  of 
bleeding.  Again  two  normal  confinements,  then  a  premature  birth 
at  the  sixth  month,  when  the  placenta  was  adherent,  and  had  to  be 
manually  detached.  Two  normal  periods,  then  after  nine  months' 
amenorrhoea  the  blood  mole  to  be  described  was  passed. 

Case  vi.,  set.  28,  v. -para.  Patient  had  five  normal  confinements, 
and  after  weaning  the  fifth  child  a  flomling  which  lasted  a  week. 
Two  months  later  the  blood  mole  miscarriage  occurred.  About  a 
month  afterwards  she  reported  herself  as  having  irregular  bleeding, 
and  was  therefore  curetted.  A  normal  pregnancy  and  confinement 
followed. 

Case  vn.,  set.  32,  ii.-para.  Patient  had  first  two  normal  confine- 
ments, then  after  nine  months'  amenorrhoea,  the  blood  mole  to  be 
described  was  passe<l.  Patient  stated  that  when  4^  months  pregnant 
she  got  a  fright  from  a  dog,  and  a  dark-coloured  discharge  began, 
which  lasted  for  two  days,  then  stoppe<l  for  a  time  and  returned 
again  for  one  day. 

Description  of  Sacs. 

To  simplify  this  description  the  points  of  striking  similarity 
between  the  sacs  will  be  described,  with,  at  the  same  time,  a  mention 
of  the  dift'erenres  noted. 

1.  They  were  all  (with  the  exception  of  No.  vii.,  which  had  a 
definite  placenta)  close<l  sacs  of  greatly  thickened  tlecidua. 


Fig.  1. 
and   <!:ranules   slainod    with   feno- 


(rt)  Pigmented   ci 
cyanule  of  potassium   aiul   lying   in   hyaline   degeneratw 
amnio-chorion  and  villi. 

{b)  Fibrin. 
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2.  They  varied  in  size,  from  a  2 — 3^  months'  pregnancy,  and 
the  placenta  of  No.  vii.  was  that  of  a  5 — 5|  months'  pregnancy,  with 
a  three  months'  foetus. 

3.  Sacs  Nos.  i.,  iii.,  iv.,  v.,  and  vii.  contained  a  very  small  amount 
of  liquor  amnii,  and  Nos.  ii.  and  vi.  what  seemed  an  unusually  large 
amount,  and  of  a  glistening  appearance. 

4.  Hsematomata  were  present  in  all  except  Nos.  iii.  and  iv.,  and 
varied  in  appearance  from  large  soft  sacs  to  solid  finger-tip  projections 
or  convolutions. 

5.  A  cross  section  of  the  wall  in  all  the  cases  had  the  appearance  of 
blood  clot  in  various  stages  of  organisation,  judging  from  its 
consistence. 

6.  There  was  no  appearance  of  a  foetus  in  any  sac  except  No.  vii., 
though  some  fragments  escaped  with  the  liquor  amnii  in  No.  ii. 

7.  Soft  brown  material,  like  altered  blood  clot,  was  lying  on  the 
amnion  in  Nos.  i.,  v.,  and  vii. 

Microscopical  Characters. 

On  account  of  the  great  similarity  between  the  specimens  it  will 
be  sufficient  to  describe  one  case  minutely,  and  indicate  points  of 
difference  in  the  others. 

Case  i..  Fig.  1.  Low  poiver.  The  epithelium  of  the  amnio- 
chorion  shows  as  a  broken  granular-looking  line  which  is  stripped  off 
in  parts.  The  connective  tissue  appears  hyaline  and  thickened  in 
parts,  and  pigmented  cells  and  granules  are  present  in  quantity. 
Many  projections  and  infoldings  of  the  amnio-chorion  are  seen. 
The  amnio-chorion  rests  on  fibrinous  clumps  and  strips,  with  a  few 
hyaline  degenerated  villi  embedded  in  them,  pigment  granules  being 
present  here  also  (stained  with  ferro-cyanide  of  potassium).  Below 
this  is  fairly  recent-looking  haemorrhage,  shading  for  the  most  part 
gradually  into  deeply-stained  fibrin  with  hyaline  degenerated  villi 
lying  in  it.  There  is  no  appearance  of  anything  that  can  be  described 
as  decidua,  and  there  are  no  vessels. 

High  power.  Amnio-chorion.  The  epithelium  of  the  amnion, 
and  of  the  chorion  where  it  can  be  distinguished,  is  extremely 
granular;  the  connective  tissue  varies  in  appearance  from  wavy, 
fibrous  tissue  to  stretches  of  hyaline  degeneration;  many  cells  are  in 
it,  pigmented  or  non-pigmented,  and  of  various  shapes  and  sizes. 
The  haemorrhage  shows  gradations  from  commencing  coagulation  to 
deeply-stained  fibrin,  in  which  are  large  spindle  cells  and  granular 
pigment. 
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Villi.  All  show  hyaline  degeneration,  with  a  granular  appearance 
of  the  epithelium;  they  have  no  vessels. 

Other  specimens  showed  a  definite  intervillous  space  and  decidua. 
The  decidua  was  either  oedematous  or  torn  up  by  haemorrhage  in 
various  stages  of  organisation,  with,  in  most  cases,  a  leucocytic 
infiltration,  and  in  some  necrosis.  The  villi  in  all  cases  were 
degenerated  (myxomatous  or  hyaline),  and  seldom  showed  any  sign 
of  vessels.  The  amount  of  syncytium  on  them  was  in  all  cases 
abnormally  small.  The  intervillous  space  showed  a  thrombosis, 
either  filling  it  or  limited  to  one  end,  and  pressing  on  and  obliterating 
the  villi  embedded  in  it  (Fig.  2).  Vessels  of  various  sizes  were  found 
in  the  decidua,  but  for  the  most  part  with  a  broken  and  altered 
outline,  and  some  containing  thrombi.  Pigmented  cells  were  found 
in  all  cases,  either  in  the  amnio-chorion  or  decidua,  some  staining 
blue  with  ferro-cyanide  of  potassium. 

Description  of  endometrial  scrapings  from  Cases  i.  and  vi. 

Case  i..  Fig.  3.  Low  power.  The  superficial  epithelium  has  a 
broken  outline.  The  glands  are  dilated,  and  some  contain  blood. 
The  stroma  has  very  extensive  haemorrhages  into  it;  indeed,  they 
have  the  appearance  of  replacing  it  over  large  areas,  with  stroma 
cells,  glands  and  blood-vessels  scattered  through  them.  The  number 
of  the  thin-walled  vessels  is  greatly  increased,  many  of  them  showing 
considerable  dilatation. 

High  power.     These  points  are  confirmed. 

Case  vi.  Low  power.  In  parts  there  is  a  very  marked  increase 
of  the  interstitial  tissue,  which  appears  in  places  to  be  pressing  upon 
and  destroying  the  glands.  In  other  parts  the  increase  is  less 
marked,  or  the  stroma  appears  to  be  even  rarefied.  There  is  a 
multiplication  of  the  thin-walled  capillaries,  many  of  which  are 
greatly  dilated.  Extensive  htemorrhages  are  scattere<l  through  the 
stroma  in  every  part  of  the  slide. 

High  power.  Confirms  tliese  details,  and  shows  very  plainly  the 
destruction  of  the  glands  by  the  increase  of  interstitial  tissue. 

Since  any  theory  to  be  practicable  must  be  capable  of  explaining 
not  one  variety  only  but  all  varieties,  the  conditions  universally 
present  may  be  thus  summarized  :  — 

History.  Amenorrlupa,  followed  by  the  expulsion  of  a  blood 
mole  at  any  time  up  to  or  even  beyond  the  limits  of  a  pregnancy, 
with  or  without  intervening  hiemorrliages. 

Sac.  Its  size  may  be  strikingly  out  of  proportion  to  the  periml 
of  pregnancy,  or  may  fairly  well  correspond  to  it.     The  wall  may 


Fig.  2. 
(ff)  anil  (h)   Degenerated  and  ('(iinjiiessed  villi. 
((•)  TliromLosis  in  inttnvillous  space. 


Fig.  3. 
(o)  IlffmoiTliage  in  interstitial  tissue. 

(b)  Dilated  tliin-walled  vessel. 

(c)  Dilate<l  glaml. 

{(I)  Xuclei  of  stroma  cells. 
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only  be  greatly  thickened  or  show  haematomata  of  any  of  the  varieties 
mentioned.  A  cross  section  of  the  wall  has  in  all  cases  the  appear- 
ance of  blood-clot,  recent  or  organising. 

Foetus.  It  may  be  entirely  absent,  or  if  present  is  well  preserved, 
at  a  lower  grade  of  development  than  the  sac,  and  out  of  proportion 
to  the  date  of  pregnancy. 

Microscopical  appearances.  Thrombosis  in  the  intervillous  space, 
with  degenerated  villi,  decidua  oedematous  or  destroyed  by  haemorr- 
hage, pigmented  cells,  and  other  details  as  described. 


How  have  previous  theories  failed  to  explain  all  these  conditions? 

Breus's  theory,  even  allowing  the  possibility  of  further  growth  of 
the  membranes,  is  only  applicable  to  a  small  number  of  blood  moles 
(those  showing  haematomata  of  all  shapes  and  sizes),  and  is  therefore 
untenable,  since  a  microscopical  investigation  proves  all  forms  to  be 
structurally  alike. 

Davidsohn's  theory,  like  Breus's,  can  only  apply  to  the  very  marked 
forms  of  blood  moles,  and  for  this  reason  alone  it  is  unsatisfactory, 
indeed  untenable.  It  seems  also  difl&cult  to  imagine  that  in  each 
case  the  hydramnios  is  present  for  a  time  only,  and  then  disappears 
without  any  renewal,  and  yet  with  the  pathological  conditions 
originally  causing  it  still  present. 

Bauereisen's  view  is  so  entirely  improbable  that  there  is  no  need 
to  say  much  about  it.  It  need  only  be  pointed  out  that  deportation 
of  villi,  according  to  Poten  and  others,  occurs  in  every  pregnancy,  a 
lodgement  in  some  cases  being  first  found  in  the  minute  lung 
capillaries.  The  impossibility  of  demonstrating  deporte<l  villi  in 
decidual  veins  without  reducing  the  whole  thickness  of  the  wall  to 
serial  sections,  may  also  be  mentioned. 

Dr.  Berry  Hart's  theory  strikes  one  as  rather  unsatisfactory,  since 
it  stops  short  of  suggesting  any  cause  for  the  undue  blocking  of  the 
serotinal  sinuses.  "What  are  the  altered  conditions  which  have  caused 
a  physiological  process  to  become  pathological? 

"While  quite  recognizing  that  in  the  theories  reviewe<l  there  is 
more  or  less  of  truth,  it  yet  seems,  from  a  study  of  these  seven  cases, 
that  there  is  need  for  a  fresh  view  of  the  subject,  which  especially 
directs  attention  to  the  endometrium  as  the  most  important  factor 
in  the  production  both  of  a  normal  foetus  and  an  abortion  sac. 
Taussig  and  Engel,  as  has  been  already  indicatetl,  have  vaguely 
suggested  this,  without  attempting  to  work  it  out.  Dr.  Berry  Hart 
has  tombed  on  it  by  his  jiarticular  study  of  the  condition  of  the 
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sinuses  in  fleshy  moles,  and  three  authors — Gottschalk,  Taussig 
and  Bauereisen  —  have  described  endometrial  scrapings  after 
blood  mole,  without,  however,  offering  any  special  comment.  On 
comparing  the  histories  of  the  present  cases  the  prominent  feature 
was  undoubtedly  the  existence  of  an  unhealthy  endometrium  in 
conjunction  with  the  production  of  these  moles.  The  recognition  of 
this  fact  led  naturally  to  a  study  of  the  normal  endometrium  in 
relation  to  the  implantation  and  development  of  the  human  ovum, 
and  of  abnormal  endometria,  more  especially  such  as  might  be 
supposed  to  have  a  bearing  on  the  production  of  blood  mole.  Space 
allows  of  only  a  short  mention  of  a  few  of  the  most  important  points 
gathered  from  this  study,  more  especially  those  which  must  be 
emphasized  in  any  attempt  to  connect  blood  moles  with  an  unhealthy 
endometrium. 

1.  The  very  important  part  played  by  the  capillaries  of  the 
endometrium,  which  dilate  during  the  first  three  months  of  preg- 
nancy to  form  large  sinuses,  communicating,  on  the  one  hand,  with 
the  intervillous  space,  and  on  the  other,  with  the  tortuous  arterial 
vessels. 

2.  The  gradually  effected  communication  between  the  sinuses  and 
the  intervillous  space  by  the  extension  of  processes  of  trophoblast 
and  syncytium  into  them. 

3.  The  very  important  part  played  by  the  syncytium  in  the 
nourishment  of  the  foetus  and  the  necessity,  in  order  efiiciently  to 
perform  this  part,  that  prolongation  of  sj'ncytium  should  draw  upon 
fresher  maternal  blood  from  the  deep  decidua,  and  that  the  blood 
stream  through  the  intervillous  space  shouhl  be  reduce<l  to  a  slowly 
moving  mass. 

Nature  appears  by  these  means  to  have  done  everything 
in  her  power  to  reduce  to  a  minimum  the  shock  of  any  sudden 
change  in  the  maternal  circulatory  system,  in  order  that  the  villi 
may  retain  their  hold  upon  the  decidua  and  time  be  given  for  the 
interchange  of  food  stuffs  and  gases  between  foetal  and  maternal 
blo(Kl. 

Pathological  variations  of  tlie  eiidoniotrium  are  very  great  and 
very  numerous,  and  so  it  is  only  possible  to  touch  very  briefly  upon 
those  which  might  be  8uppose<l  to  have  a  more  direct  bearing  on 
the  formation  of  bloo<l  moles,  that  is,  those  showing  a  change  in  the 
vascular  conditions,  since  hremorrhage  is  the  characteristic  feature 
of  all  blood  moles. 

1.  Glandular  endometritis,  which  is  by  far  the  commonest  variety 
met  with.     It  is  characterized  by  oedema  of  the  stroma,  enlargement 
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of  the  glands,  and  increase  in  the  number  and  size  of  the  thin-walled 
capillaries,  with  a  ready  tendency  to  haemorrhage. 

2.  Sarcoma-like  changes  in  the  interstitial  tissue  which  indicate 
either  an  early  sarcoma  or  a  simple  hyperplasia.  There  is  in  this 
variety  also  an  increase  of  the  thin-walled  capillaries,  with  a  ready 
tendency  to  haemorrhage. 

3.  Arterio-sclerosis  of  the  vessels  of  the  endometrium  and  of  the 
entire  uterine  arterial  system,  which  is,  however,  not  a  common  form. 
Its  characteristic  feature  is  severe  and  intractable  haemorrhage. 

Before  entering  upon  the  details  of  a  fresh  theory  on  the  lines 
indicated,  it  will  be  well  to  attempt  an  answer  to  the  most  obvious 
objections. 

1.  Why  should  an  abnormal  endometrium  cause  a  blood  mole  in 
one  woman  and  an  ordinary  abortion  sac  in  another,  or  the  two  in 
succession  in  the  same  woman? 

2.  Would  one  not  expect  every  case  of  blood  mole  abortion  to  be 
associated  with  definite  symptoms  of  endometritis? 

Each  writer  in  turn  appears  to  have  started  with  the  assumption 
that  a  blood  mole  is  entirely  different  from  an  ordinary  abortion 
sac,  whereas  the  study  of  these  seven  cases  has  served  rather  to  bring 
out  the  points  of  resemblance,  and  to  impress  most  forcibly  the 
necessity  for  microscopical  examination  of  all  abortion  sacs  as 
the  only  way  in  which  one  can  hope  to  arrive  at  any  understanding 
of  blood  moles. 

The  suggestion  that  blood  moles  are  simply  a  form  of  abortion 
sac  seems  to  find  considerable  support  from  the  fact  that  haemorrhage 
is  the  chief  characteristic  of  both,  the  dift'ereuee  apparently  being 
rather  one  of  intensity,  combined  with  a  more  gradual  development 
and  a  later  involvement  of  the  deep  decidua.  In  replying  further 
to  the  second  objection,  it  may  be  pointed  out  that  there  are  many 
facts  regarding  menstruation  and  abortion  for  which  no  satisfactory 
explanation  can  be  given.  For  instance,  why  does  one  woman  abort 
on  the  smallest  provocation,  while  another  woman  undergoes  the 
most  violent  treatment  and  yet  the  pregnancy  suffers  no  interruption  ? 
Or  again,  why  should  change  of  climate,  work  or  circumstances  cause 
either  a  temporary  cessation  of  the  menses  or  one  or  two  very 
profuse  periods?  Further,  it  is  a  fact,  not  only  as  regards  the  seven 
cases  mentioned,  but  also  as  regards  the  numbers  reported  by  previous 
writers,  that  the  overwhelmingly  large  majority  are  of  the  working 
class  and  multiparae,  a  combination  which  <locs  not  lead  one  to  expect 
a  very  normal  endometrium. 

Again,  the  question  of  curetting  is  always  considered  in  a  case 


12  Journal  of  Obstetrics  and  Qyncecology 

of  repeated  abortion  or  of  sterility,  where  no  adequate  cause  can  be 
found,  in  spite  of  tbe  fact  that  definite  symptoms  of  endometritis 
may  be  absent,  and  when  carried  out  it  often  leads  to  a  healthy 
pregnancy. 

There  are  then  certain  facts  in  the  study  of  the  present  cases 
which  appear  to  have  a  close  connection  with  the  formation  of  blood 
moles,  but  in  attempting  to  interpret  these  facts  as  regards  the  actual 
method  of  production  of  blood  moles,  one  is  of  necessity  soon  reduced 
to  drawing  deductions  from  them.     The  facts  are  as  follows  :  — 

1.  Clinical  histories  pointing  to  an  abnormal  condition  of  the 
endometrium,  associated  with  the  expulsion  of  a  blood  mole. 

2.  Curettings  of  two  of  these  cases  confirming  the  clinical 
histories. 

3.  In  two  a  normal  pregnancy  followed  the  curetting,  in  the  third 
normal  periods  without  a  pregnancy. 

4.  The  microscopical  appearance  of  all  blood  mole  slides,  which 
are  characterized  by  thrombosis  in  the  intervillous  space,  with 
oedema  of,  or  extensive  haemorrhage  into,  the  decidua,  along  with 
degenerated  villi  and  pigmented  cells.  In  attempting  to  link  these 
facts  theoretically,  it  will  perhaps  be  best  to  consider  how  any  of 
the  abnormal  endometria  mentioned  might  fail  to  respond  to  the 
stimulus  of  the  growing  ovum. 

None  of  these  endometria  can  be  considered  as  likely  to  produce 
a  normal  implantation,  in  glandular  endometritis  more  especially 
on  account  of  the  oedematous  stroma  and  hypertrophied  glands,  and 
in  the  other  two  on  account  of  the  ready  tendency  to  hsemorrhagic 
extravasations  into  the  stroma.  The  ovum  therefore  starts  life 
handicapped  by  an  inability  to  effect  a  firm  hold  on  the  decidua. 
The  influence  of  an  imperfect  union  between  ovum  and  decidua  is  so 
much  the  greater  since,  according  to  the  most  recent  teaching,  the 
ovum  may  be  regarded  as  from  its  earliest  days  dependent  upon 
the  decidua  for  its  nourishment,  this  being  the  most  feasible 
explanation  of  the  early  established  trophoblastic  connection  between 
foetal  epiblast  an<l  maternal  blood.  The  failure  of  such  an  intimate 
connection  would  naturally  lead  to  impairment  of  nutrition  of  the 
villi  and  a  resulting  imperfect  <levelopment  of  the  ovum. 

As  regards  the  condition  of  the  decidua  and  intervillous  space 
already  described,  the  natural  inference  is  that  these  are  caused  by 
the  pathological  capillaries,  even  though  it  is  impossible  to  follow 
the  details  of  the  process.  Since  the  decidua  in  some  slides  is  almost 
destroyed  bj'  ha>morrhape  an<l,  in  the  best  presers'ed,  very  opdematous, 
some  villi  will  naturally  lose  their  attachment  and  cease  to  be  of 
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any  use  in  the  nourishment  of  the  rapidly-devehjping  ovum,  since 
the  syncytium  depends  upon  its  deep  attachments  for  an  efficient 
performance  of  its  work.  Since,  again,  no  normal  intervillous  space 
is  seen,  but  thrombosis  compressing  and  destroying  villi,  with  evidence 
found  in  the  pigmented  cells  of  the  process  having  been  continuous, 
many  more  villi  must  be  thrown  out  of  working  order,  and  still  less 
nourishment  be  carried  to  the  rapidly  developing  ovum.  It  would 
naturally  follow  that  a  young  ovum  would  die  and  undergo  partial 
or  complete  absorption,  while  a  more  mature  foetus  might  die  or 
continue  its  development  imperfectly,  so  that  at  the  time  of  expulsion 
its  size  would  be  entirely  out  of  proportion  to  the  stage  of  pregnancy. 

In  order  to  investigate  the  points  as  to  whether  in  these  uniformly 
thickened  sacs  placental  differentiation  was  in  progress  or  not,  before 
the  onset  of  haemorrhages,  slides  were  prepared  in  Cases  i.,  ii.  and  iii. 
from  two  different  portions  of  the  sac,  these  naturally  being  chosen 
at  random.  In  ii.  and  iii.  it  was  interesting  to  find  that  in  spite 
of  the  absence  of  any  appearance  of  a  placenta  externally,  the  second 
set  of  slides  prepared  showed  a  strikingly  larger  number  of  villi, 
giving  a  much  nearer  approach  to  the  appearance  of  a  developing 
intervillous  space.  In  Case  i.  no  difference  was  found,  but  since 
ii.  and  iii.  had  demonstrated  the  possibility  of  placental  differentiation 
being  in  progress,  the  investigation  was  not  further  pursued.  It 
follows  therefore,  that  in  those  cases  where  the  haemorrhages  occur 
during  the  progress  of  placental  differentiation,  they  are  not  limited 
to  the  placental  site,  but  involve  the  decidua  vera  and  reficxa,  as 
would  be  expected  since  large  sinuses  are  still  present  here.  If  the 
placenta  is  well  differentiated  they  are  naturally  limited  to  it,  as  is 
well  demonstrated  in  Case  vii.,  where  the  placenta  is  seen  as  a 
thickened  mass  with  well-marked  solid  haematomata,  while  the  united 
decidua  vera  and  retlexa  are  present  as  bands  and  shreds.  In  the 
first  case  the  final  result  may  be  either  a  blood  mole  (of  the  tj'pe 
described  by  Breus  or  a  less  marked  form)  or  a  fleshy  mole,  the  latter 
being  simply  a  more  organised  variety  of  the  former.  Each  of  these 
again  is  either  empty  or  contains  a  foetus  of  imperfect  development. 

In  the  second  case  there  is  a  fleshy  mole  as  a  placenta,  with  a 
foetus  of  a  proportionately  much  lower  grade  of  development,  as  in 
Case  vii.,  where  the  placenta  is  of  about  5 — 5|  months,  and  the 
foetus  not  more  than  three  months. 

The  amount  and  distribution  of  haemorrhage  and  thrombosis  in 
each  case  will  determine  the  presence  either  of  well-marke<l  polypoi<l 
haematomata,  finger-tip  projections  or  simply  a  uniformly  thickened 
wall.     The   time   of   expulsion   of   the   mass   will  dejH'ud    upon   the 
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involvement  of  the  deep  decidua,  since  then  only  does  it  become  a 
foreign  body  in  the  uterus. 

Swmraary. 

As  a  result  of  these  investigations  the  following  explanation  of 
the  etiology  of  blood  moles  is  offered  :  — 

1.  A  pathological  condition  of  the  endometrium  pre-exists 
(especially  of  its  vascular  system). 

2.  As  a  result,  implantation  of  the  ovum  is  less  securely  effected 
than  normally. 

3.  A  process  of  hsemorrhage  into  the  decidua  with  thrombosis  in 
the  intervillous  space  occurs,  whereby  villi  are  detached  and 
compressed  in  greater  and  lesser  numbers,  and  the  system  of  foetal 
nourishment  interfered  with. 

4.  The  embryo,  if  young,  dies,  and  is  partially  or  completely 
absorbed;  if  more  mature  it  continues  its  development,  but 
imperfectly. 

5.  The  combined  hsemorrhage  and  thrombosis  lead  to  one  or  other 
form  of  sac  described,  dependent  upon  their  extent  and  time  of 
occurrence. 

The  bearing  of  the  corpus  luteum  on  the  development  of  the 
ovum  (as  it  has  been  worked  out  by  Fraenkel)  has  not  been  over- 
looked, but  of  necessity  can  in  these  cases  only  be  considered  a 
theoretical  factor,  since  no  positive  information  is  obtainable. 

Many  points  in  the  formation  of  blood  moles  still  lack  a 
satisfactory  explanation,  and  invite  further  and  more  searching 
investigation.  The  theoiy  here  presented  is  put  forward  in  the 
conviction  that  so  far  insufficient  attention  has  been  paid  to  the 
endometrium,  which  is  the  most  important  factor  in  maintaining 
the  nourishment  of  the  ovum. 
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XXXII. — On  the  Effects  on  the  Metabohsm  of  Chloroform  admin- 
istered by  Different  Channels.  By  D.  Noel  Paton,  M.D. 
(From  the  Physiological  Laboratory  o£  the  University  of  Glasgow, 
and  the  Laboratory  of  the  Royal  College  of  Physicians,  Edinburgh.) 

(Read  June  15,  1908.     MS.  received  June  18,  1908.) 

Preliminary. 
Death  under  tlie  adiiiini.stration  of  chloroform  as  au  ansesthetic  is  an 
accident  which,  although  fortunately  rare,  is  well  known  to  all ;  but  the 
occurrence  of  a  late  poisoning,  sometimes  manifesting  itself  several  day.s 
after  the  administration  of  the  drug,  is  less  well  recognised.  This  too  is 
rare,  but  its  occurrence  indicates  the  very  profound  effect  which  such  a 
drug  may  exercise  upon  living  tissues. 

A  very  large  amount  of  work  has  been  done  upon  tlic  innuediate  in- 
iluence  of  chloroform  upon  the  ner\ous  s\stem  and  upon  the  circulatory 
and  respiratory  mechanisms,  but  few  observations  on  its  more  lasting  effects 
upon  the  general  metabolism  liave  been  recorded. 

A  protoplasm  poison  so  powerful  as  cliloroform  might  be  expected  to 
modify  profoundly  the  chemical  changes  in  the  body.  Upon  the  cells  of 
the  liver,  after  removal  from  the  body,  I  found  in  1893  tliat  chloroform  lias 
a  very  marked  action,  accelerating  the  disintegrative  necrobiotic  cliangcs 
(Phil.  Trans.  Roy.  Sue,  vol.  185,  p.  248),  and  at  the  same  time  accelerating 
the  conversion  of  glycogen  to  glucose.  That,  during  life,  it  has  a  marked 
effect  upon  the  metabolism  of  protein,  has  been  shown  by  Salkowski 
(Virchoiv's  Arch.,  Bd.  115,  p.  339)  and  by  Strassniann  (Virchow's  Arch.. 
1889),  both  of  whom  found  that  its  administration  caused  an  increased 
excretion  of  nitrogen  in  fasting  animals.  Kast  and  Mesier  (Zfsch.  f.  Idi it. 
Med.,  Bd.  xviii.,  p.  409,  1891)  also  got  similar  re,sults.  Vidal  (C.R.  de  la  Sue 
biol.,  1890,  p.  474)  records  a  series  of  ohservations  on  tlie  excretion  of  nitro- 
gen in  the  human  subject  before  and  after  operations  of  different  degrees  of 
.severity,  in  which  chloroform  luid  been  administered,  and  he  ffnds  tlint, 
irrespective  of  the  character  of  the  operation,  there  is  a  rise  in  the  excretion 
of  nitrogen,  wiien  compared  vvitli  its  ingestion.  He  also  investigated  the 
question  on  fasting  rabbits,  and  found  that  in  these  animals  tlio  excretion 
of  nitrogen,  after  tiie  separation  nf  the  alb\niiin,  is  mai-kedly  increased  by 
the  .simple  inlialation  of  the  drug. 

Tliompson  (Jirit.  Med.  Juur.,  vol.  i.,  IIKKi,  p.  (iON)  dcscrilx's  the  result  of  a 
study  of  the  immediate  effect  of  the  administration  of  chloroform  and  of 
ether  upon  tlie  urinary  secretion.     His  experiments  extended  o\er  two  tn 
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four  hours,  and  he  states  that  with  chloroform  tliere  i.s  fii'st  a  reduction  in 
the  volume  and  in  the  concentration  of  the  urine  secreted,  followed  by  a 
rise  in  the  amount.  He  find.s  that  exudation  of  leucocytes  and  hyaline 
casts  is  apt  to  occur,  probably  due  to  the  partial  vascular  stasis  in  the 
kidney,  and  that  albuminuria  occasionally  is  developed.  Sometimes  an 
increase  in  the  reducing  substances  in  the  urine  was  observed. 

The  effect  of  chloroform  upon  the  gaseous  exchanges  in  respiration  does 
not  seem  to  have  been  studied  experimentally.  During  the  anesthesia, 
Oliver  and  Garrett  (quoted  in  Richet's  Diet,  de  Phys.,  vol.  iii.,  p.  624)  found 
an  increase  of  carbon  dioxide  expired,  and  a  decrease  of  oxygen  absorbed, 
apparently  as  a  result  of  the  respiratory  deficiency. 

Present  Investigation. 

In  1900,  when  studying,  with  Dr  Eason,  the  effect  of  various  drugs  upon 
the  elaboration  of  urea  in  the  liver,  I  intended  to  investigate  the  effect  of 
chloroform,  anticipating  tliat  its  action  would  be  similar  to  that  of  alcohol 
and  sulphonal  (Jour,  of  Phys.,  vol.  xxvi.,  p.  166,  1901).  Other  work  inter- 
fered with  the  prosecution  of  these  investigations.  My  attention  was  again 
directed  to  the  subject  by  the  appearance  of  a  paper  by  Stiles  and  Stuart 
M'Donald  on  "  Delayed  Chloroform  Poisoning  "  in  August  1904  (Scot.  Med. 
and  Sur</.  Jour.,  1904,  p.  97).  In  this  an  excellent  resumi  of  the  previous 
work  on  the  subject  is  given. 

The  object  of  the  present  series  of  experiments  is  to  investigate  the  effect  of 
chloi-oform  on  the  protein  metabolism,  to  ascertain  whether  chloroform  in  anj' 
way  influences  the  elaboration  of  urea  in  the  liver,  and  whether  its  action  is 
the  same  when  administered  by  the  respiratory  passages,  bj^  the  mouth,  and 
hypodennically. 

I. — General  Plan  of  Investig.\tion. 

In  this  investigation  tiie  effect  of  the  drug  upon  the  eliemic.il  changes  in 
the  living  matter  of  the  bodj'  is  deduced  from  the  changes  in  the  excretion 
of  the  products  of  disintegration  of  proteins  in  the  urine:  anj'  quantifative 
change  in  the  pi-otein  metabolised  being  indicated  by  changes  in  the  total 
amount  of  nitrogen  excreted  per  diem,  wliile  qualitative  changes  are 
indicated  by  alterations  in  the  distribution  of  nitrogen  and  of  .sulphur 
in  the  different  nitrogen-  and  sulphur-containing  constituents  of  the  urine. 
The  animal  was  kept  upon  a  fixed  diet,  and  the  average  normal  amount 
of  these  different  con.stituents  was  determined  for  some  days.  Then  the 
drug  was  administered,  and  tiieir  amounts  were  again  investigated  for  a 
longer  or  shorter  period,  till  any  disturbance  bail  passed  ofl'and  the  normal 
condition  was  again  restored. 
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Since  an  interference  with  tlie  usuiil  course  of  protein  metabolism  is 
generally  indicated  bj'  a  change  in  the  relative  amotmt  of  nitrogen  in  urea 
and  in  ammonia,  in  the  earlier  experiments  these  constituents  were  alone 
specially  investigated,  but  in  the  later  experiments  other  constituents  were 
also  dealt  with. 

II. — Method  of  Experiment. 

Female  dogs  of  about  15  to  20  kilos,  were  used  for  the  experiments. 
Catheterisation  was  not  used  in  collecting  the  urine.  This  was  done  by 
keeping  the  dog  in  a  galvanised  iron  cage  with  a  sloping  bottom,  under 
which  the  urine,  after  passing  through  a  rough  filter  of  glass-wool,  was 
collected  in  a  glass  vessel  containing  a  little  dilute  hydrochloric  acid  to 
prevent  decomposition.  The  dog  was  fed  on  porridge  and  milk,  which 
produced  firm  faeces,  which  wei'e  at  once  removed  from  the  cage,  and  with 
which  the  urine  was  never  contaminated.  (For  a  comparison  of  the 
analysis  of  urine  collected  thus  and  by  catheterisation,  see  Jcnir.  of  Physiol.. 
XXV.,  p.  44.5,  1900.)     The  diet  generally  consisted  of: — 

Oatmeal     =      120  grm. 

Water         =      500  c.c. 
made  into  porridge  by  boiling  for  twenty  minutes. 

Milk  =     500  c.c. 

When  nitrogenous  e(juilibrium  was  established,  the  chlorol'urm  was  adminis 
tered : — 

A.  In  the  first  series  of  experiments,  by  the  respiratory  passages,  with  the 
addition  of  10  per  cent,  alcohol,  following  Schafer's  recommendation  for  de- 
creasing the  toxic  effect  upon  the  heart  {Trans.  Ro}/.  Soc.  EcUn.,  vol.  xli., 
p.  311,  1904). 

B.  In  the  .second  set  of  experiments,  by  the  .stomach,  dis,solved  in  oil. 
C  In  the  thii-d  set  of  experiments,  bjr  hypodermic  injection. 

In  some  of  the  earlier  expei-iments  the  dog  fasted  on  the  day  on  whicli 
the  chloroform  was  administered,  the  effect  of  a  one-day  fast  being  investi- 
gated a  few  days  before  the  chloroform  was  given. 

III. — METHOD.S  OF  Analysis. 

The  urine  was  collected  at  10  each  morning.  It  was  measured,  thr 
reaction  and  specific  gravity  taken,  and  either  the  whole  or  a  part  dilutoii 
to  a  convenient  volume.  Wlien  a  deposit  was  present,  it  wa.s  collected  in  a 
Y-gla.ss  and  examined  microscopically'. 

Thf  Toiid  NUroijo)  was  determined  by  Kjeldahl's  melliod. 

The  "  Urrn"  Nitroiji'v  was  determined  by  Bohland's  or  by  Miirncr  ainl 
Sjo(|vist's  method,  or  by  Ixith.  A  useful  comparison  of  these  two  inctlio<K 
is  thus  afi'orded.     (See  Jour,  of  Physiol.,  vol.  xxxiii.,  p.  (i,  inOo.") 
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The  Ammoida  Nitrogen  was  determined  by  Schloessing's  metliod. 

The  Creatinin  Nitrogen,  when  investigated,  was  determined  by  Folin's 
method. 

The  Uric  Acid  Nitrogen  in  the  early  experiments  was  determined  by 
Hopkins'  method,  and  in  the  later  experiments  (XI.  and  XII.)  by  Folin's 
method. 

The  Oxidised  and  Unoxidised  S^dpliur  were  determined  by  the  method 
described  in  Jo^ir.  of  Physiol.,  vol.  xxiv.,  p.  335,  1899. 

Most  of  the  determinations  of  nitrogen  were  carried  out  under  my 
supervision  by  Mr  Alfred  Patterson,  Chemical  Attendant  in  the  Royal 
College  of  Physicians  Laboratory.  The  sulphur  determinations  were  made 
by  Miss  Jean  Robertson,  Chemical  Assistant  in  the  Laboratory. 

IV. — Results. 
Series  I. — Chloroform  by  the  Respiratory  Passages. 
The  chloroform  was  administered  upon  cotton  wadding  placed  in  a  mask. 
Since  several  determinations  have  now  been  recorded  of  the  chloroform 
in  the  blood  during  full  anaesthesia,  showing  that  it  amounts  to  something 
not  far  short  of  50  mg.  per  100  c.c.  (Grdhant  and  Quinquand,  C.R.,  1883 ; 
Nicloux,  C.R.  Soc.  bioL,  t.  Ix.,  p.  244 ;  Buckmaster  and  Gardner,  Proc.  Roy. 
Sac.,  vol.  Ixxix.,  1907),  it  was  not  considered  necessary  to  dose  the  amount 
given.     Generally  in  two  hours  about  80  c.c.  were  used. 

Experiment  I. — Retriever  Bitch.     Weight,  16  kilos. 
Table  I. 


Urea  Nitrogen. 

Day. 

Urine 

Sp.  G. 

Total 

NH3 

in  c.c. 

Nitrogen. 

Nitrogen. 

Bohl* 

M.  &  S.t 

1 

880 

1013 

6-22 

5-32 

0-579 

2 

910 

1013 

4-96 

i 

0-403 

3 

620 

1013 

4-12 

0-299 

4 

690 

1014 

4-06 

3-39 

0-274 

5 

220 

1025 

2-77 

2-41           2-27 

0-126 

Fast. 

6 

640 

1010 

3-95 

3-33           311 

0-252 

7 

570 

1013 

3-30 

2-86          2-66 

0-224 

1 

8 

770 

1018 

6-94 

5-63          5-68 

0-512 

9 

690 

1015 

5-48 

4-68          4-56 

0-397 

Fast.    Cliloroforni  1  hour. 

10 

770 

1014 

4-87 

4-26          401 

0-229 

11 

690 

1012 

4-09 

3-50          3-33 

0-319 

Weight,  15  kilos. 
No  protein  and  no  reduction  of  Foldings  solution. 

*    liohl.  =  Bolilanil's  pliospho-luiifjstio  ncid  iiietlioil. 
|-  M.  &  S.  =  Monu-r  ami  Sjmjvist's  nietho.l. 
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Table  II. 


Percentage  of  Total 

Day. 

Nitrogen. 

Not  in 
these. 

Urea. 

NH,. 

Bohl. 

M.  &  S. 

1 

86 

9-3 

2 

8-5 

3 

7-2 

4 

86 

6-7 

5 

87 

82 

4-5 

13-5 

Fast. 

6 

84 

78 

6-2 

15-8 

7 

85 

81 

6-7 

12-3 

8 

81 

82 

7-3 

10-7 

9 

88 

84 

7-3 

8-7 

Fast. 

Chloroform  1  hour. 

10 

87 

83 

4-6 

12-4 

11 

85 

81 

7-8 

11-2 

Experiment  II. — Rutriever  Bitch.     Weight,  16  kilcs. 
Table  III. 


Bay. 

Urine 
in  c.c. 

„     P,         Total 
^l'-^-     Nitrogen. 

Urea 
Nitrogen. 
M.  &  S. 

NH3 
Nitrogen. 

1 

2 
3 

4 

6 
7 
8 
9 
10 

700 
Lost 
720 
300 
260 
6«0 
570 
480 
770 
680 

1013 

1012 
1025 
1040 
1016 
1017 
1015 
1012 

4-54 

3-70 
4-20 
9-41 
6-66 
5-71 
4-28 
4-93 

3-56 

3-43 
8-09 
5-46 
4-45 
3-23 
3-89 

0-476 

0-411  ( 

0-304  { 

0-420  ( 

0-515 

0-420 

0-268 

0-341 

Fast.      Chloroform  2  hours 
in   iiiorniug    and    1    hour 
in  afternoon. 

Weight,  16-6  kilos. 

On  tlie  .second  (l;i\-  jiltci-  cliloroforiii  thi-re  was  a  distinct  trace  of  protein 
in  tlic  urine — b}'  Eshacli'.s  tuhe  0-04  \>l-v  cent.  On  tlio  third  day  this  incrcsusefl 
to  01  per  cent.  It  disappeared  on  tlie  si.xtli  day.  On  tlie  tliird  (hiy  then- 
was  a  copious  deposit  of  granular  ceils  like  renal  epithelium,  l)Ut  no  tuW- 
casts.  These  cells  were  present  till  the  sixth  day.  The  urine  was  very 
dark  for  three  days.      No  reduction  of  Fchling's  solution. 
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Table  IV. 


Percentage  of  Total 

Nitrogen. 

Day. 

Not  in 
these. 

Urea.        j^jr 
M.  &S.      ^^3- 

1 

78           10-4 

11-6 

2 

3 

111 

4 

83             7-2 

9-8 

Fast.  Chloroform  3  horns. 

5 

86             4-4 

9-6 

6 

82             7-7 

10-3 

7 

79              7-5 

13-5 

8 

79              6-4 

14-6 

9 

79              6-9 

14-1 

10 

Experiment  III. — Retriever  Bitch.     Weight,  14-7  kilo.s. 
Table  V. 


Day. 

Urine 
in  c.c. 

Sp.  G. 

Total 

Nitrogen. 

Urea 

Nitrogen. 

Bohl. 

NH3 
Nitrogen. 

1 

450 

1018 

4-56 

0-515 

2 

560 

1013 

4-00 

314 

0-434 

3 

520 

1014 

3-78 

2-87 

0-403 

L 

4 

320 

1025 

3-84 

3-28 

0218 

Fast.     Chlorofonu  2  hours. 

1 

5 

220 

1032 

5-49 

4-76 

0-330 

1 

6 

570 

1015 

3-98 

3-44 

0-344 

1 

7 

550 

1012 

308 

2-83 

0-232 

1 

8 

570 

1014 

3-08 

2-49 

0-145 

>• 

9 

560 

1015 

10 

710 

1013 

2-58 

1-90 

0-254 

11 

630 

1015 

. 

Dog  weighed  13-6  kilos. 


I 


A  trace  of  protein  appeared  on  the  fourtli  day  after  eliloroform,  and 
was  more  marked  on  the  sixth  da3^  On  the  fourth  day  there  was  a  deposit 
of  grainilar  cells,  but  no  tubo-ea,sts.  Tlie  urine  gave  a  very  slight  reduction 
of  Feliling's  solution  on  the  day  after  chloruforui. 
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Table  VI. 


Percentage  of  Total 

Nitrogen. 

Day. 

Not  in 
these. 

Urea.        ^kjtt 
Bohl.         ^^3- 

1 

11-3 

11-7 

2 

78            10-3 

11-7 

3 

75            10-6 

14-4 

4 

8b              5-6 

9-4 

Fast.  ChloiofoiMi  2  hours. 

5 

86 

6-0 

8-0 

6 

86 

8-5 

5-5 

8 

91 
80 

7-5 
4-6 

j   8-5 

9 

10 

75 

9-6 

5-'6 

ExfERl.MENT  IV. — Kotrievor  liituli.     Woiglit,  14"7  kilcs. 
Table  Vll. 


Urea  Nitrogen. 

Day. 

Urine 
iu  C.C. 

Sp.  G. 

Total 
Nitrogen. 

NH3 
Nitrogen. 

Bolil. 

M.  &S. 

1 

630 

1015 

5-38 

4-51 

4-51 

0-375 

2 

310 

1031 

5-24 

4-37 

4-34 

0-350 

Clihiioforni  -2  hours. 

3 

380 

1028 

8-99 

7-59 

7-70 

0-616 

4 

570 

1020 

6-99 

5-74 

563 

0-444 

5 

735 

1013 

5-77 

4-68 

4-73 

,  0-406 

6 

950 

1013 

6-27 

5'12 

5-12 

0-434 

7 

520 

1015 

4-22 

3-47 

3-50 

0-246 

8 

630 

1015 

4-79 

3-96 

3-89 

0-330 

9 

976 

1011 

... 

Dog  weighed   12  kilos. 


No  jiroli'iii.     Nn  rcdin-tidii  nl'  Kcliliiii;  s  soliitidii. 
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Table  VIII. 


Percentage  of  Total 

Day. 

Nitrogen. 

1  Not  in 
these. 

Urea. 

■NTTT 

j.iii3. 

Bohl. 

M.  &  S. 

1 

83-5 

83         1      6-9 

i      10-1 

2 

83-3 

83         1      6-6 

10-4 

Cliloroform  2  hours. 

3 

83 

84         '      6-9 

9-1 

4 

82 

80-5            6-3 

13-2 

5 

81 

82               7-(> 

no 

6 

81-6 

81-6            6-9 

11-5 

7 

82 

83               5-8 

11-2 

8 

80 

81              6-8 

1      12-8 

Experiment  V. — Retrieve!-  Bitch.     Weiolit,  12-S  kilos. 
A  weighed  quantity  of  plasmon  was  added  to  the  diet. 

Table  IX. 


Urea  Nitrogen. 

Day. 

Urine 
in  c.c. 

Sp.  G. 

Total 
Nitrogen. 

Bohl. 

M.&S. 

1 

620 

1022 

9-04 

7-34 

7-34 

2 

50 

1016 

0-89 

0'71 

Fast. 

3 

410 

1031 

9-18 

7-70 

7-81 

4 

740 

1015 

7-73 

6-78 

6-64 

5 

140 

1047 

4-57 

4-10 

4-08 

Fa.st.     Etlier  (ov  2  hours. 

6 

660 

1022 

9-72 

8-60 

8-48 

1 

620 

1022 

9-52 

8-32 

8-26 

8 

300 

1037 

8-15 

7-36 

7-25 

Fast.     I'liliinif 

irni  for  2  licuirs. 

9 

450 

1031 

10-9 

9-80 

9-83 

10 

560 

1020 

7-84 

7-08 

6-97 

11 

530 

1023 

10-11 

916 

9-04 

. 

12 

430 

1025 

8-57 

7-59 

7-39 

1 

Dog  weighed  10  kilos. 

Trace  of  protein  on  day  after  ether.     Marked  reduction  of  Feldinji's 
>hition  on  day  of  chloroform.     Trace  of  protein  on  day  after  cidoroforni. 
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Percentage  of  Total 

Nitrogen  in  Urea. 

Day. 

Bohl. 

M.  &S. 

1 

81 

81 

2 

79 

Fast. 

3 

83 

85 

4 

87 

86 

5 

89 

89 

Fast. 

Ether  for  2  hours. 

6 

88 

87 

7 

87 

87 

8 

90 

89 

Fast. 

Chloroform  for  2  hours. 

9 

90 

90 

10 

90 

89 

11 

90 

89 

12 

87 

86 

Table  XI. 


Day. 

Total 

Sulplnir 
Oxidised. 

Oxidised  per  cent. 

Sulpliur. 

of  Total  Sulphur. 

1 

2 

3 

i:J4 

0-941 

70 

4 

116 

0-803 

69 

5 

0-80 

0-547 

68 

Ether. 

6 

1-50 

1-11 

74 

7 

2-17 

1-37 

63 

8 

Chloroform. 

9 

1-83 

1-26 

66 

10 

1-72 

11 

203 

1-38 

68 

12 

1-39 

... 
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Experiment  VI. — Setter  Bitch.     Weiglit,  1.51  kilos. 
Food — oatmeal,  100  gnn. ;  water,  .500  c.c. ;  milk,  .500  c.c. 

Table  XII. 


Day. 

Urine 
in  c.c. 

Sp.G. 

Total 
Nitrogen. 

Urea 
Nitrogen. 
M.  &  S. 

NH3 
Nitrogen. 

Creatinin 
Nitrogen. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

970 
860 
160 
870 
420 
490 
660 
620 
550 
575 
1100 
225 

1012 
1013 
1032 
1012 
1020 
1025 
1014 
1016 
1016 
1010 
1015 
1025 

5-68 
5-94 
2-74 
5-18 
4-41 
8-99 
7-84 
6-50 
5-33 
3-54 
8-61 
3-54 

4-34 
3-74 

7-64 
6-40 
5-40 
4-41 
304 
7-44 

6"24 
0-22 
0-54 
0-46 
0-34 
0-38 
0-21 
0-60 

0-15 
0-15 
0-04 
013 
0-10 
013 
0-12 
013 
0-10 
0-06 
0-13 
0-06 

f  Cliloroform 
\  for  3  hours. 

Dog  weighed  12'6  kilos. 


On  the  clay  after  chloroform  the  urine  was  dark  in  colour,  and  remained 
so  for  four  days.  No  proteins  ;  no  reduction  of  Fehling's  solution  ;  no  bile- 
pigments. 


Table  XIII. 


Percentage  of  Total 

Day. 

Nitrogen. 

Nitrogen 

Urea. 
M.  &  S. 

NH3. 

these. 

1 

•2-(; 

2 

2 

f) 

3 

1 

4 

4 
5 

83 

85 

4-(i 
60 

2 

0 
4 

10-4 
7'(; 

Chloroform  for  3  hours. 

6 

85 

6-0 

4 

7-6 

7 

81 

5-9 

5 

10-9 

8 

83 

5'2 

9 

10-0 

9 

82 

7-0 

97 

90 

10 

85 

60 

9 

7-0 

11 

86 

7-0 

4 

5-6 

12 

1-6 
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Table  XIV. 


Day. 

Total 

Sulphur 
O.xiaised. 

Oxidised  per  cent. 

Sulphur. 

of  Total  Sulphur. 

1 

0-89 

0-53 

66 

2 

1-17 

0-72 

61 

3 

0-56 

0-27 

49\63 

78  /  63 

4 

0-95 

0-74 

5 

1-05 

0-76 

72 

Chloroform. 

6 

113 

0-76 

67 

7 

1-19 

0-81 

68 

8 

1-15 

0-83 

72 

9 

103 

0-61 

60 

10 

0-61 

0-40 

66         1               : 

11 

1-94 

1-60 

82  )  62         '                             1 

12 

o-si 

0-34 

42  (62 

1 

The  results  of  these  experiments  may  be  considered  under  tlie  followim;- 
lieads : — 

1.  Amount  of  Water  excreted. — The  general  result  shows  that  chloro- 
t'orni  tends  to  diminish  the  secretion  of  urine  on  the  day  on  which  it  is 
administered  (see  Thompson,  loc.  cit). 

2.  Total  Nitrogen. — In  these  experiments  the  increased  e.xcretion  ol 
nitrogen,  ie.  the  increased  protein  katabobsin,  already  recorded  by  Strass 
mann,  Vidal,  and  othei-s  (loc.  cit),  is  shown  in  Experiments  II.,  IV.,  and  \  1. 
but  not  in^I.,  III.,  and  V.  (see  Table  I.). 


Experiment       I. 

il. 

111. 

I  V. 

\'. 

VT. 


Table  XV. 

Total  Nitroijtm. 
Before. 

Average  of  4  days,  4-24 

2  „      4-06 

3  „      4-11 

1  „      5-38 

2  „     9-62 

4  „     4-91 


After. 

Average  of  3  davs,  4'81 
„  ■     7-26 

"•60 
9-60 


3.  Urea  Nitroijm. — Witlmut  iniiring  ui"in  a  discussion  of  the  question 
of  how  far  the  nitrogen  determined  by  Boldand's  jvnd  by  Mbrner'a  and 
S)6(|vi8t's  methods  actually  represents  the  nitrogen  elaborated  into  urea 
(.see  ./o7tr.  of  Pli.i/.s„  xxxii.,  1,  1905),  tliese  experiments  show  that,  in  the 
absence  of  amino  acids,  both  give  a  fair  approximation  to  tlie  true  result, 
and  that  both  mi-tlmds  are  of  vahie  for  comparative  results. 


1907-8.]    Uu  the  Effects  on  Metabolism  of  Chloroform. 
The  results  of  these  experiments  may  be  tabulated  : — 


483 


Table  XVI. 

Urea  Nitro<ien. 


Bohland's. 

Mcirner's. 

Exp. 

Before. 

After. 

Per  cent. 
Rise. 

Before. 

After. 

Per  cent. 
Rise. 

1 

84     85 

88     87 

4 

78     81 

84     83 

6 

2 

78 

86 

10 

3 

78     7.5 

86     86 

10 

74     73-5 

86    87 

10 

4 

83-5 

84     8-2 

0 

83 

84     80-5 

0 

5 

88     87 

90     90 

3 

87     87 

90     89 

3 

6 

! 

83 

85     81 

•01 

The  eft'ect  of  the  administration  of  chloroform  to  the  extent  to  maintain 
full  anaesthesia  for  periods  of  from  one  to  three  hours  in  the  dog  is 
generally,  although  not  always,  to  cause  a  rise  in  the  proportion  of  nitrogen 
in  the  form  of  urea. 

4.  ATnmonia  Nitrogen. — In  Experiments  I.,  II.,  and  III.,  there  was  a 
distinct  fall  in  the  proportion  of  nitrogen  in  annnonia ;  in  I\'.  and  VI.,  where 
the  rise  in  urea  nitrogen  was  absent,  there  was  no  change.  In  V.  it  was 
not  determined. 

5.  Creatrnin  Xitroijen. — In  the  one  experiment  in  which  this  was 
investigated  (Experiment  VI.)  there  was  unfortunately  no  change  in  the 
distribution  of  the  "  urea  "  nitrogen.  No  very  marked  change  in  the  amount 
of  cieatinin  nitrogen  could  be  determined,  but  it  roughly  follows  the 
excretion  of  total  nitrogen.  There  is  no  distinct  fall  in  the  proportion  of 
creatinin  nitrogen. 

6.  The  Purin  and  Uric  Acid  Nitrogen  were  not  investigated  in 
this  series. 

7.  The  Nitrogen  not  in  Urea  and  Ammonia  showed  a  fall  in 
Experiments  I.,  II.,  and  III.,  the  experiments  in  which  the  urea  nitrogen  rose, 
iiud  no  marked  change  in  IV.  and  VI. 

8.  Sulphur. — This  was  determined  only  in  Kxperiments  V.  and  VI., 
where  the  disturbance  in  the  proportion  of  urea  nitrogen  wa.s  trivial  or 
absent.  The  total  sulphur  ran  fairly  paralK'l  witli  the  tot^il  nitrogen,  although 
the  usual  divergences  were  manifest. 

The  Oxidised  SulpJmr,  both  as  regards  total  amount  and  its  proportion 
to  the  total    sulphur,  showed  no  variation  ascribable  to  the  intluence  of 
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chloroform.  A  curious  tendency  for  a  day  of  low  proportionate  exci-etion 
to  be  followed  or  preceded  by  a  day  of  high  excretion  was  observed. 

In  these  experiments  protein  was  present  in  the  urine  once  (Experi- 
ment II.)  in  appreciable  amount,  and  twice  (Experiments  III.  and  IV.)  in  mere 
ti-aces.  In  Experiment  II.  there  was  a  deposit  of  fatty  cells  resembling 
those  of  the  kidney,  but  not  forming  tube-casts ;  and  a  few  similar  cells 
were  present  in  Experiment  III. 

No  reduction  of  Fehling's  solution  was  obtained  except  in  Experiment  III., 
when  a  very  slight  reduction  was  noted  on  the  day  after  the  administration 
of  chloroform.  The  reduction  was  so  slight  that  no  attempt  was  made  to 
determine  if  it  was  due  to  sugar. 

In  Experiment  V.  the  administration  of  ether  for  two  hours,  although  it 
was  followed  by  a  slight  albuminuria,  caused  no  marked  change  in  the 
protein  metabolism. 

Series  II. — Cldoroform  hij  fhc  Stonuich. 

In  the  next  two  experiments  20  to  25  c.c.  of  chloroform  dissolved  in 
100  c.c.  of  olive  oil  were  administered  by  the  stomach-tube,  and  as  sickness 
was  to  be  expected,  food  was  withheld  on  the  day  of  administration,  some- 
times entirely,  sometimes  merely  till  late  in  the  evening.  The  dog  was  on 
both  occasions  somewhat  excited,  but  showed  no  signs  of  ansesthesia. 


Experiment  VII.^ — Setter  Bitch.     Weight,  18  kilo.s. 
Table  XVII. 


Day. 

Ui'ine  in 

Sp.  G. 

Total 

Urea 
Nitrogen. 
M.  &S. 

Uric  Acid 

Creatinin 

NH, 
Nitrogen. 

c.c. 

Nitrogen. 

Nitrogen. 

Nitrogen. 

1 

570 

1016 

J  5-99 

5-28 

0079 

)  0-128 

2 

910 

1014 

(  5-91 

5-28 

0-091 

0-124 

)  0-128 

*3 

410 

1016 

3-42 

2-83 

0-049 

0-079 

0-123 

t4 

360 

1036 

6-4-2 

5-28 

0-018 

0  126 

0-44 

.') 

945 

1018 

12-56 

10-24 

0189 

0-230 

0-96 

6 

675 

1016 

601 

4-46 

0135 

0-145 

0-527 

7 

360 

1019 

4-54 

3-50 

0032 

0-149 

0-316 

8 

830 

1014 

6-31 

5-20 

0-074 

0-150 

(1-594 

9 

360 

1013 

3-29 

2-70 

0-060 

0-044 

0-134 

10 

780 

1012 

5-38 

4-54 

0-085 

0079 

0-260 

11 

560 

1017 

5-29 

4-40 

12 

920 

1014 

On  thinl  (lay  ilo' 
Dog  vomited.* 


Dog  weighed   15  kilos, 
fasted,  and  20  c.c.  chloroform  in  7.5  c.c.  olive  oil  given. 


I 
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On  fourth  day  dog  fasted,  and  20  c.c.  chlorofonn  in  7.5  c.c.  olive  oil 
given  at  1  p.m.     Dog  took  food  at  night.f 

Next  day  urine  dark.  No  protein.  No  reduction  of  Fehlings  .solution. 
Two  days  later  a  trace  of  protein  and  a  large  deposit  of  fatty  cells.  Next 
day  no  protein  leaction. 

Tablr  XVIII. 


Day. 

Percentage  of  Total  Nitrogen. 

Nitrogen 
not  in 

these. 

M.  &  S. 

Uric  Acid. 

Creatinin. 

NH3. 

1 

2 

*3 

+4 

5 

6 

7 

8 

9 

10 

11 

12 

89 
89 
82 
82 

82 
74 
77 
82 
84 
83 

1-4 
1-4 
1-4 

2-8 

1-5 
\  2-2  1 
/  0-7  i  ^  ^ 

1-1 

1-5 

1-5 

... 

2-'o 
1-9 
1-8 
2-4 
2-3 
2-3 
1-3 
1-4 
... 

21 

2-1 
7  0 
6-0 
7-6 
8-6 
6-9 
9-4 
3-8 
4-8 

7(3 
7-3 
7-1 
11-9 
13-] 
5-2 
9-4 
9-3 

Table  XIX. 
Hulphur. 


O.xidised  per 
cent,  of 

Day. 

Total. 

!    O.xidised. 

Total  Sulplmr. 
65 

1 

0-46 

0-30 

2 

119 

0-79 

66 

*3 

0-81 

0-48 

.'>9 

+4 

1-20 

0-70 

'y8 

5 

2-40 

1-36 

56 

6 

1-20 

()-81 

67 

7 

0-74 

or,o 

67 

8 

1-17 

0-65 

55 

9 

0-44 

1          0-25 

66 

10 

0-81 

0-64 

66 

11 

0-92 

0-6() 

65 

12 

486  Proceedings  of  the  Royal  Society  of  Edinburgh.       [Sess. 

Experiment  VIII. — Same  Dog.     Weight,  1.5-4  kilos. 
Table  XX. 


Day. 

Urine  in 

C.C. 

1 

1080 

2 

565 

*3 

370 

t4 

440 

5 

425 

6 

470 

7 

970 

8 

1020 

9 

670 

10 

490 

11 

655 

Sp.  G. 


1011 
1012 
1015 
1036 
1020 
1022 
1012 
1011 
1013 
1011 
1012 


!      Total 

j  Nitrogen. 


(606 
)  6-06 
3-19 
10-30 
5-46 
5-21 
5-77 
4-33 
4-73 
3-02 
3-42 


Urea 
Nitrogen. 
M.  &  S. 


5-01 
5-01 
2-77 
8-46 
4-17 
4-12 
4-34 
3-39 
3-84 
2-43 
2'88 


Uric  Acid  ,  Creatinin  |       NH3 
Nitrogen.     Nitrogen.     Nitrogen. 


0-05 

005 

0-007 

0-026 

0-017 

0-101 

0-174 

0-091 

0-080 

0-039 

0-052 


0-119 

0-119 

0085 

0149 

0-100 

0-14 

0-12 

0-086 

0-12 

0-069 


[0-400 
I  0-400 
0-249 
0-638 
0-557 
0-386 
0-408 
0-413 
0-492 
0199 
0-182 


Dog  weiglied  14  kilos. 

On  tliird  day,  25  c.c.  chlorofonn  in  oil  at  1  p.m.  Dog  vomited.* 
On  fourth  day,  25  c.c.  chloroform  in  oil  at  11  a.m.  Took  food  at  night.-^ 
On  day  after  urine  dark.  Gmelin's  reaction.  Trace  of  protein.  No 
reduction  of  Fehling's  solution.  Deposit  of  fatty  renal  cells.  Gmelin's  test 
positive  for  three  days.  Protein  disappeared  on  second  daj',  but  fatty  cells 
and  tube-easts  present.  Fi\e  days  after  chloroform  the  urine  seemed 
normal. 


Table  XXI. 


Day. 

Per 

i;entage  of  Total  Nitrogen. 

Nitrogen 
not  in 
these. 

M.&S. 

Uric  Acid.    Creatinin. 

NH3. 

1 

82 

0-8                1-9 

5-4 

9-9 

2 

82 

0-8                1-9 

5-4 

9-9 

3 

83 

0-2                2-6 

7-8 

6-4 

Chloroform. 

4 

82 

0-2                1-4 

6-2 

10-2 

1, 

5 

76 

0-3                1-8 

10-2 

11-7 

6 

71 

1-9                2-6 

7-4 

171 

7 

75 

3-0               2-0 

7-0 

13  0 

8 

78 

2-1                2-0 

9-5 

8-4 

9 

81 

1-7                2-5 

10-4 

4-4 

10 

80 

1-0               2-3 

6-6 

10-1 

11 

82 

1-5        1          ... 

5-3 
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1.  Total  Nitrogen. — These  experiments  show  the  very  marked  effects 
of  chloroform  administered  by  the  stomach  upon  the  protein  katabolism. 
In  both,  a  very  markedly  increased  excretion  of  total  niti'ogen  followed  tlie 
administration  of  the  substance. 

2.  Urea  Nitrogeii. — A  very  marked  fall  in  tlie  proportion  of  urea 
nitrogen,  as  determined  by  Morner  and  Sjoqvist's  method,  is  manifest  in 
each  experiment,  reaching  its  maximum  on  the  third  day.  In  Experiment 
VII.  it  amounts  to  17  per  cent.,  and  in  Experiment  VIII.  to  13  per  cent.  It 
is  to  be  regretted  that  the  conformity  of  the  results  obtained  bj'  the  two 
methods  of  determining  the  urea  nitrogen  in  tlie  previous  series  of  experi- 
ments decided  me  to  employ  one  only  in  the  present  set. 

3.  A')nmoiiia  NitrogeiL. — A  rise  in  the  proportion  of  ammonia  nitrogen 
accompanies  the  fall  in  urea  nitrogen,  but  the  maximum  of  the  one  does 
not  always  occur  on  the  same  day  as  the  minimum  of  the  other  (figs.  1 
and  2,  p.  493).  In  both  experiments  the  maximum  proportion  of  ammonia 
nitrogen  is  reached  two  or  three  days  after  the  minimum  proportion  of 
urea  nitrogen. 

4.  Creuti/ibiii  Nitrogen. — The  total  excretion  of  creatinin  nitrogen  in 
these  experiments  follows  fairly  closely  the  excretion  of  total  nitrogen. 
Hence  the  proportionate  excretion  does  not  undergo  very  marked  varia- 
tions, but  in  both  experiments  the  rise  in  creatinin  nitrogen  is  not  pro- 
portionate to  the  rise  in  total  nitrogen  on  the  day  after  tlie  administration, 
and  hence  the  proportion  falls  somewhat. 

5.  Uric  Acid  Nitrogen. — In  both  experiments  there  is  an  increase 
in  the  total  amount  of  uric  acid  nitrogen  excreted,  but  this  occui-s 
earlier,  on  the  day  following  the  cliloroform,  in  Experiment  VII.,  and  later, 
three  or  four  days  after,  in  Experiment  VIII.  In  Experiment  VII.  the 
proportionate  increase  appears  on  the  day  after  the  administration,  and 
in  Experiment  VIII.  not  until  tlie  third  day  and  after. 

6.  The  Nitrogen  not  in  Urea  and  Ammonia,  and  the  nitrogen  not  in 
urea,  ammonia,  creatinin,  and  uric  acid,  show  a  rise  after  the  administra- 
tion of  chloroform. 

7.  Snlphur. — The  excretion  of  sulphur  in  Experiment  \"II.  runs  paraHel 
with  the  excretion  of  total  nitrogen.  The  proportion  of  oxidised  sulphur 
is  decreased  after  the  administration  of  chloroform,  but  is  not  lowest 
on  the  day  of  the  lowest  proportion  of  urea  nitrogen. 

In  both  experiments,  proteins,  granular  cells,  and  tube-cast*  were 
present  in  the  urine.  There  was  no  reduction  of  Fehling's  solution.  In 
Experiment  VIII.  bile-pigments  appeared  in  the  urine,  and  the  animal  was 
slightly  jaundiced. 
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Series  III. — Hypodermic  Administration. 

Two  experiments  were  pei'i'ormed  upon  dogs  of  IS  and  15  kilos., 
.5  c.c.  of  chloroform  being  administered  in  Experiment  IX.  on  two  successive 
days,  and  in  Experiment  X.  twice  on  the  same  day.  The  animals  showed 
no  sign  of  intoxication,  but  in  Experiment  X.  the  dog  took  only  half  its 
food  on  the  day  of  administration  and  the  next  day,  and  the  milk  only 
on  the  following  day. 


Experiment  IX. — Same  Dog.     Weight,  18  kilos. 
Table  XXII. 


Day. 

Urine  in 

Sp.  G. 

Total 

Urea 

Nitrogen. 

M.  &S. 

Uric  Acid 

Creatinin 

NH3 

c.c. 

Nitrogen. 

Nitrogen. 

Nitrogen. 

Nitrogen. 

1 

335 

1028 

5 '26 

4-62 

2 

640 

1018 

6-92 

6-36 

0^22 

3 

745 

1015 

6-55 

5-68 

•067 

0^25 

0-238 

*4 

910 

1012 

6-24 

5-24 

■000 

0-439 

t5 

165 

1026 

(6-03 

f4-98 
t4-98 

(  034 

J  0'24 

(  0^369 

6 

690 

1022 

(  6-03 

\  -034 

(0^24 

I  0-369 

7 

610 

1017 

5-71 

4-68 

•048 

013 

0^277 

8 

740 

1014 

3-64 

2-60 

■059 

015 

0305 

9 

515 

1016 

5-29 

4-23 

•046 

020 

0420     ! 

10 

680 

1017 

6-38 

5-40 

•040 

024 

0313 

n 

580 

1015 

4-68 

4-06 

■029 

0-10 

0-288 

12 

775 

1011 

4-16 

3-50 

■023 

0^14 

13 

500 

1010 

2-83 

0^09 

14 

730 

1017 

5-72 

0^15 

Dog  weighed  15-8  kilos. 


On   fourtli  day,   ')  c.c.  chloroform.* 

On  fifth  day,  .5  c.c.  chloroform.-f 

From  second  day  of  chloroform  to  third  day  alter,  slight  reduction 
of  Fehling's  .solution  on  cooling. 

From  next  day  to  roui-tli  alter,  protein  present:  on  third  day.  deposit 
of  fatty  cells. 
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Table  XXlll 


Day. 

Percentage  of  Total  Nitrogen. 

Nitrogen 
not  in 
these. 

M.  &S. 

Uric  Acid. 

Creatinin. 

NH3. 

1 
2 
3 
*4 
t5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

87 
91 
86 
84 
(  82 
(  82 
81 
72 
80 
84 
87 
84 

0-1 
0-0 
J  0-5 
(  0-5 
0-8 
1-6 
0-8 
0-6 
0-6 
0-5 

3-2 
.3-3 

/3-'9 
\3-9 
2-3 
4-2 
3-7 
3-9 
2-1 
3-3 
2-6 

6-8 
(6-1 
(  6-1 
4-8 
8-3 
7-9 
4-9 
6-8 

6-5 

7-5 
7-5 
11-0 
13-9 
7-6 
6-6 
3-5 

Table  XXIV. 
Sulphur. 


1 
Oxidised  per 

Day. 

Total. 

Oxidised. 

cent,  of  Total 
Sulplmr. 

1 

0-782 

0-624 

79 

2 

0-927 

0-734 

79 

3 

0-940 

0-741 

79 

*4 

0-940 

0-628 

66 

+5 

0-940 

0-628 

66 

6 

1-08 

0-721 

66 

7 

0-968 

0-683 

60 

8 

0-940 

0-618 

66 

9 

0-707 

0-466 

66 

10 

0-796 

0-549 

68 

11 

0-765 

0-566 

73 

12 

13 

14 
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ExPERlMEXT  X.— Collie  Bitch.      Weight,  15-i  kilos. 
Table  XXV. 


Day. 

Urine  in 
c.c. 

Sp.  G. 

Total 
Nitrogen. 

2-26 

Urea 

Nitrogen. 

M.  &  S. 

Uric  Acid 
Nitrogen. 

Creatiniu 
Nitrogen. 

NH, 

Nitrogen. 

1 

400 

1012 

1-84 

... 

0-08 

0-076 

2 

880 

1016 

3-98 

3-28 

0-16 

0-347 

3 

460 

1010 

2-20 

1-39 

0-09 

0-140 

9 

530 

1007 

1-51 

1-38 

0-00 

0-05 

0-066 

10 

640 

1010 

3-88 

2-45 

0-00 

010 

0-238 

*11 

770 

1012 

5-56 

... 

0-18 

0-409 

12 

275 

1017 

/4-G5 
\4-65 

3-91 

0-018 

fo-ii 

1  0-11 

0-608 

13 

550 

1016 

3-91 

0018 

14 

15 

610 

1017 

6-3G 

5-24 

0073 

0-20 

0-456 

16 

730 

1010 

3-75 

2-96 

0051 

Oil 

0-419 

17 

550 

1010 

3-61 

2-11 

0022 

0-08 

0-148 

18 

700 

1010 

4-21 

3-43 

0-028 

0-12 

0-329 

Dog  weighed  14-7  kilos. 

On  eleventh  day,  5  c.c.  chloroform  at  11,  and  again  at  5.* 

Fi-om  the  day  of  chloroform  to  fourth  day  after  only  part  of  food  was 
taken. 

On  second  daj^  after,  trace  of  pi-otein,  present  till  eighteenth  day ;  on 
fourth  day,  0-07  per  cent,  by  Esbach's  method. 

Slight  reduction  of  Fehling's  solution  from  second  (o  fourth  daj'  after. 


Table  XXVI. 


Percentage  of  Total  Nitrogen. 

Nitrogen 

Day. 

M.  &  S. 

Uric  Acid. 

Creatiniu. 

NH,. 

these. 

1 

1 

3-9 

3-3 

2 

)■     83 

4-0 

8-6 

3 

J 

4-0 

6-3 

9 

}     - 

0-0 

3-3 

4-4 

}  ' 

10 

0-0 

3-2 

71 

*11 

3-2 

7-4 

12 

83 

0-4 

2-4 

6-.'> 

8 

13 

0-4 

14 

15 

82 

i-1 

31 

71 

7 

16 

79 

1-3 

2-9 

11-3 

5-5 

17 

81 

0-6 

3-0 

6-8 

9-6 

■a 

81 

0-6 

2-8 

7-9 

7-7 
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1.  Total  Xlti'ogen. — The.se  two  experiments  show  no  definite  change  in 
the  total  nitrogen  excreted,  although  in  the  second  experiment  a  possible 
rise  is  masked  by  the  fact  that  the  dog  did  not  take  all  its  food. 

2.  Urea  Nitrogen. — In  Experiment  IX.  there  is  a  distinct  fall  in  the 
proportion  of  ui-ea  nitrogen  during  three  days  after  the  administration  of 
chloroform,  reaching  its  maximum,  18  per  cent.,  on  the  third  day.  In 
Experiment  X.  the  fall  is  slight,  less  than  .5  per  cent.,  and  is  dela3'ed 
till  the  fifth  day. 

3.  Ammonia  Nitrogen. — In  Experiment  IX.,  on  the  third  day,  the  day 
of  the  most  marked  fall  in  urea  nitrogen,  there  is  a  rise  in  the  proportion 
of  ammonia  nitrogen,  and  the  same  thing  occurs  in  Experiment  X.  on  the 
fifth  day. 

4.  Creatinin  Nitrogen. — In  neither  experiment  is  there  any  marked 
cliange  in  the  proportion  of  creatinin  nitrogen.  The  total  amount  excreted 
\aries  fairly  directly  with  the  excretion  of  total  nitrogen. 

5.  Uric  Acid  Nitrogen. — In  Experiment  IX.  the  proportion  of  uric  acid 
nitrogen  is  markedly  raised,  especially  on  the  day  of  the  lowest  excretion 
of  urea  nitrogen.  In  Experiment  X.  the  change  is  not  evident.  In  both 
experiments  there  is  a  distinct  increase  in  the  total  excretion  of  uric  acid 
nitrogen ;  in  the  first,  upon  the  third  day  after  the  administration  of  chloro- 
form, and  in  the  second,  upon  the  first  and  second  days  after. 

6.  Nitrogen  not  in  these  Combinations. — In  the  first  experiment  there 
is  a  distinct  rise  upon  the  second  and  third  day  after  the  chlorof(^rm.  lu 
the  second  experiment  a  very  doubtful  rise  occurs  upon  the  sixth  day. 

7.  Sulphur. — The  sulphur  was  estimated  in  the  first  experiment  only. 
The  proportion  of  oxidised  sulphur  shows  a  marked  decrease,  beginning  on 
the  day  after  the  chloroform,  and  reaching  its  maximum  on  tlie  tliird  daj' 
after — the  day  of  the  greatest  fall  in  urea  nitrogen. 

In  both  these  experiments  proteins  were  present  in  the  ui-inc,  and  in  the 
first  fatty  cells  resembling  renal  epithelium  wore  seen.  Tiiey  were  unfoi'tun- 
ately  not  examined  for  in  the  second  experiment.  In  neitiier  experiment 
was  there  any  marked  reduction  of  Fehlin^'s  solution. 
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V. — COXSIDERATIOX   OK    RESULTS. 

These  experiineuts  show  that  in  the  dog  chloroform,  (u/teu  (jiven  hy  the 
refi])iratory  pasisagea,  for  two  or  three  hour.s  has  either  uo  effect  upon  the 
nitrogenous  metabolism  or  increases  the  protein  di.sintegration,  as  already 
demonstrated  by  previous  investigators.  The  effect  upon  the  nitrogen  in 
urea  was  either  to  leave  it  unaffected  or  to  increase  its  fropdrtioii,  while,  at 
the  same  time,  the  nitrogen  in  ammonia  was  either  unchanged  or  decreased 
when  the  urea  was  increased.  These  results  suggest  that  the  hepatic 
metabolism,  by  which  ammonia  compounds  are  changed  to  urea,  is  stimu- 
lated-— -an  effect  veiy  similar  to  that  produced  by  the  administration  of  a 
protein  diet  (Jour,  of  Phys.,  vol.  xxv.,  p.  443,  1900) — and  that  this  stimu- 
lation, in  these  experiments  at  least,  is  not  followed  by  any  after-depression. 

The  toxic  action  of  the  drug  upon  the  kidneys  is  manifested  bj'  the 
presence  of  proteins  and  of  renal  epithelium  in  the  urine,  most  markedly  in 
Experiment  II.,  where  the  animal  was  an^sthetised  for  two  liours.  and  again 
for  one  hour. 

When  chloroform  is  given  by  the  stonuich  the  effect  is  verj'  difl'erent. 
The  protein  disintegration,  as  indicated  by  the  excretion  of  nitrogen,  is 
markedly  inci'eased,  and  this  increase  is  best  marked  on  the  day  of,  or  the 
day  after,  the  administration  of  the  drug.  At  this  time  the  disturbance  in 
the  proportion  of  nitrogen  in  the  various  compounds  is  not  verj'  proiKjiniced, 
and  the  presence  of  pi'otein  in  the  urine  is  not  so  distinctly  marked  as  it 
afterwards  becomes.  There  is  apparently  a  period  of  simple  increase  of  the 
protein  disintegration. 

After  two  or  three  days  there  occurs  a  very  marked  fall  in  the 
propoi'tion  of  nitrogen  in  urea,  with  a  rise  in  the  proportion  of  nitrogen 
in  ammonia — a  rise  which,  however,  is  not  inversely  pi'oportionate  to  the 
fall  in  urea  nitrogen,  and  which  is  somewhat  delaj'od  (figs.  I  and  2).  Along 
with  this  there  is  a  rise  in  the  proportion  of  uric  acid  nitrogen,  wliicli 
apparently  may  precede  (Experin)ent  VII.)  or  succeed  (Experiment  VIII.)  tlie 
most  marked  fall  in  the  urea  nitrogen.  The  proportion  of  nitrogen  not  in 
these  analysed  compounds  increases  concomitantly  with  the  fall  in  the  urea, 
and  previou.sly  to  the  rise  in  the  anmionia.  In  both  the  experiments  tlie 
rise  was  a  veiy  marked  one,  corresponding  to  something  like  6  per  cent, 
of  the  total  nitrogen.  Since  the  urea  nitrogen  was  determined  by  tlie 
method  of  Morner  and  Sjoqvist,  the  amino  acids  were  precipitated,  and  nol 
estimated  with  the  (uva,  and  hence  almost  certainly  this  increa.se  in  tlie 
undeteniiined  nitrogen  is  due  to  the  appearance  of  amino  acids.  It  is  to 
l^e  regretted   tliat,  since  tlie  previous  exainiii;itinii  of   the  urine   after   the 


1907-8.]    (Ju  the  Effects  on  Metabolism  of  Chloroform. 


493 


aduiiiiistratiou  of  chloroform  by  tlie  respiratory  passages  had  shown  so 
close  a  correspondence  between  tlie  results  of  the  methods  of  Bohland 
and  of  Mbruer  and  Sjoqvist,  the  former  method  was  abandoned  in  the 
present  series  of  analyses,  for  a  divergence  between  these  M-ould  have  more 
detinitely  proved  that  the  undetermined  nitrogen  is  really  in  amino  acids. 
That  the  rise  in  the  proportion  of  undetermined  nitrogen  was  not  due  to 
tlie  appearance  of  protein  is  indicated,  first,  by  the  fact  that  in  Experiment 
VII.  tlie  rise  occurred  before  the  appearance  of  the  protein,  and,  second,  by 
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Fio.   1.— Experiuieut  VII.  Fig.  2.— F.xperiraeut  VIII. 

the  fact  that  the  amount  of  protein  was  insufficient  to  account  for  tiie 
nitrogen  thus  excreted. 

The  proportion  of  unoxidised  sulphur  to  the  total  .sulphur  (Experiment 
VII.)  shows,  like  the  nitrogen  in  urea,  a  distinct  fall,  curiouslj^  interrupted 
by  a  rise  on  the  two  days  on  which  the  proportion  of  urea  nitrogen  was 
lowest.     I  am  unable  to  explain  this. 

The  whole  series  of  changes  is  such  as  would  be  piftduced  b}-  a  direct 
toxic  action  on  the  liver,  similar  to  that  produced  by  the  administration 
of  alcohol  and  sulphonal  {Jour,  of  Phya.,  xxvi.,  p.  166,  1901).  The  eftect  is 
not  immediate,  but  is  nevertheless  the  result  of  the  poisoning  of  the  cells. 
This  is  clearly  shown  by  the  histological  changes  produced  in  the  liver 
cells  by  giving  chloroform  by  the  mouth,  already  described  b}-  Doyon  and 
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now  being  investigated  by  Dr  Clark.  The  effect  upon  the  kidney,  as 
indicated  by  the  presence  of  protein  and  the  appearance  of  renal  epithelium 
in  the  urine,  is  much  niore  marked  wlien  chloroform  is  given  by  the  mouth 
than  when  administered  by  the  respiratory  passages.  Zweifel  (Bed.  klin. 
Wochensch.,  1874,  p.  245)  and  Pohl  {Arclt.  f.  exp.  Path.  it.  Pha^'inac., 
Bd.  xxviii.,  p.  251)  found  traces  of  chloroform  in  the  urine,  and  Nicloux 
(Jour,  de  Pkarm.  pA-  Chim.,  24  [6],  p.  64)  has  found  that  the  amount 
after  administration  by  the  respiratory  passages  is  very  small.  But  tlie 
fact  that  protein  appeared  in  the  urine  in  certain  of  my  experiments  in 
which  it  was  given  in  this  way  without  exerting  a  true  toxic  actinu  on  tlie 
liver,  and  the  very  frequent  occurrence  of  transient  albuminuria  described 
by  many  surgeons,  seems  to  indicate  that  its  effect  on  the  kidnej-  is  direct. 

The  question  naturally  arises  of  how  far  these  differences  in  the  effect 
of  chlorofoi-m  given  by  the  respiratory  passages  and  bj^  the  mouth  are 
merely  a  result  of  difference  of  dose.  The  amount  of  chloroform  in  the 
blood  necessary  to  produce  an^-sthesia  has  now  been  investigated  by 
several  observers— Tissot  {C.R.  Soc.  hioL,  1906,  p.  198),  Nicloux  (C.R.  Soc. 
hioL,  t.  Ix.,  p.  144),  Buckmaster  (Proc.  Roy.  Soc,  vol.  Ixxix.,  1907) — and 
the  general  result  is  to  indicate  that,  to  pi-oduce  the  state,  something  likt- 
30  to  50  mg.  per  100  c.c.  must  be  present  in  the  blood  of  the  dog  or  cat. 
After  the  administration  is  stopped,  the  amount  rapidly  falls,  and  the  elim- 
ination is  practically  complete  in  about  three  hours  (see  succeeding  paper). 

So  far  no  determinations  of  the  amount  of  chloroform  in  the  blood  after 
it  has  been  administered  by  the  mouth  ha\"e  been  recorded,  but  a  series  of 
experiments  carried  out  by  Miss  D.  Lindsay  upon  the  blood  of  rabbits 
after  the  administration  of  chloroform  in  oil,  nearly  equivalent  to  tliat 
given  by  me  to  the  dogs  experimented  upon,  shows  that  the  percentage 
amount  never  rises  so  high  as  during  administration  by  the  lungs,  and  that 
the  drug  persists  in  the  blood  for  a  much  longer  period — about  six  hours. 

The  greater  effect  upon  the  metabolism  of  chloroform  when  adminis- 
tered by  the  mouth  is  not  the  result  of  a  larger  dose,  but  mu.st  be  due 
rather  to  the  direct  influence  upon  the  liver,  and  to  the  more  prolonged  action. 
Ill  rabbits,  T  have  found  that  the  administration  of  1  c.c.  bj^  the 
mouth,  which  leads  to  the  appeai-ance  of  at  most  between  20  and  30  mg. 
jier  100  of  CHCI3  in  the  blood,  is  infinitely  more  toxic  than  a  prolonged 
administration  bj'  the  lungs.  Of  12  rabbits,  no  less  than  11  sliowed 
albuminuria,  while  7  died,  and  2  which  appeared  to  be  dying  were  killed. 

How  far  the  fatal  result  is  due  to  the  injury  to  the  kidneys,  how  far 
to  the  toxic  action  on  the  liver,  and  how  far  to  the  more  geiu'ial  injury  to 
the  ti.ssues   produced,   we    have   no   data  to  enable  us  to  detfrniine,     The 
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appearance  of  acetone  and  diacetic  acid  in  the  urine  shown  bj'  \arious 
investigators  is  probably  a  mere  expression  of  this  disturbed  metabolism, 
whereby  the  ^  oxybutyria  acid  set  free  does  not  undergo  its  normal  kata- 
bolism,  but  is  converted  into  acetone.  It  is  probably  secondary  to  the 
hepatic  change,  and  is  an  accompaniment,  not  the  cause,  of  the  death  of  the 
animal. 

A  study  of  the  eflfects  of  hypodermic  administration  of  the  drug  throws 
some  light  upon  its  mode  of  action.     With  a  dose  in  two  portions  of  o  c.c. 


NH,  [n. 

M-^^   Residual    ) 

Kit;.  ;i. — Experiment  IX. 

there  was  no  detinite  change  in  the  excretion  of  nitrogen :  but  iniExperi- 
ment  IX.  there  was  a  sharp  fall  in  the  urea  nitrogen,  with  a  corresponding 
rise  in  the  amino  acid  nitrogen,  somewhat  preceding  a  ri.se  in  the  annnonia 
nitrogen  (fig.  S).  In  Experiment  X.  the  cluinges  were  less  marked,  but 
in  the  same  direction. 

Given  hypodermicallj-,  chloroform,  then,  acted  in  the  same  manner  as 
when  given  by  the  mouth,  but  to  a  lesser  degree.  How  far  tliis  lesser 
degree  is  due  to  the  smaller  dose  administered  it  is  difficult  to  say.  Miss 
Lindsay's  observations  on  rabbits  seem  to  show  that  the  administration  of 
1  C.C.  of  chloroform  by  the  mouth  leads  to  the  appearance  of  a   higher 
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percentage  of  chloroform  in  the  arterial  blood  than  does  the  administration 
of  the  same  amount  hypodermically ;  and  hence  dogs  which  got  two  doses 
of  25  c.c.  of  chloroform  by  the  mouth  may  have  had  a  higher  proportion  of 
the  drug  in  the  circulating  blood  than  those  which  had  two  doses  of  5  c.c. 
hypodermically.  The  respect  in  which  the  liypodermic  administration  re- 
sembles the  administration  by  the  mouth  is  in    the  persistence  of  the  drug. 

The  liypodermic  administration  of  chloroform  to  rabbits  appears  to  be 
almost  as  fatal  as  the  administration  by  the  mouth,  and  the  appearance  of 
proteins  and  tube-casts  in  the  urine  is  almost  as  frequent.  Dr  Clark  also 
finds  that  the  changes  in  the  liver  are  as  marked  as  when  the  drug  is  given 
by  the  stomach. 

It  would  seem  that  the  acute  transitory  action  of  cliloroform  adminis- 
tered by  the  respii-atory  passages  leads  to  a  stimulation  of  hepatic 
metabolism,  while  the  less  acute  and  more  sustained  action  leads  to  injuiy 
without  previous  stimulation. 

Althougli  in  these  experiments  the  administration  of  chloroform  by  the 
respiratory  passages  failed  to  cause  the  grave  disturbances,  metabolic  and 
structural,  which  were  caused  by  its  administration  by  other  channels,  the 
results  of  such  administration  by  other  channels  seem  to  show  how,  in  the 
event  of  the  chloroform  given  bj-  the  lungs  not  being  eliminated  with  the 
usual  rapidity,  seiious  injuries  might  be  effected,  which  would  lead  to  the 
symptoms  of  late  chloroform  poisoning. 

Moore  and  Roaf  (B.M.J.,  vol.  ii.,  1906,  p.  721)  have  shown  how 
cliloroform  is  fixed  to  the  proteins  of  the  blood,  and  Nicloux  (C.R.  Snr. 
hlol,  t.  Ix.,  pp.  206,  248,  1906;  t.  Ixii.,  p.  1153,  1907)  has  also  shown 
the  way  in  whicli  it  is  anchored  to  certain  tissues.  Sherrington  and 
Sowton  liave  proved  that  the  action  of  chloroform  upon  the  heart  depends 
upon  its  tension  in  the  circulating  fluid,  and  that  it  is  greater  in  .saline 
.solutions  than  in  the  protein-containing  blood  wliere  it  becomes  fixed. 

Tliese  observations,  taken  in  conjunction  with  our  results,  seem  to  sliow 
tliat  chloroform,  when  given  by  the  respiratory  passages,  is  rapidly  taken 
up  and  first  dissolved  in  the  blood,  and  in  tliis  condition  acts  upon  tlie  nerve- 
centres,  the  excess  being  rapidly  eliminated  ;  while,  when  given  hy  the 
stomach  or  hypodermically,  tlie  assumption  is  slow,  more  stable  compounds 
are  formed,  the  elimination  is  con.sequently  delayed,  and  the  drug  has  thus 
more  time  to  produce  a  .slow  toxic  effect  upon  the  protoplasm  of  tlie  tissues. 

The  onset  of  late  chloroform  poisoning  after  ansestiiesia  would  thus  be 
due  to  delayed  elimination  brouglit  about  by  unusually  firm  fixation,  or  by 
respiratory  deficiency. 

(hsned  separately  August  l.'i,  1908.) 


On  the  Methods  of  Standardising  Suprarenal  Prepara- 
tions. B3'  I.  D.  Cameron,  M.B.,  D.P.H.,  Assistant  to  the 
Lecturer  on  Physiology,  Edinburgh  School  of  Medicine  for 
Women.  From  the  Laboratory  of  tin;  Roijal  College  of 
Physicians,  Edinburgh. 

(MS.  received  March  3,  1906.) 

Since  a  number  of  preparations  of  the  suprarenal  capsules  are 
now  extensively  used  in  therapeutics,  it  seems  of  some  importance 
to  determine  the  relative  value  of  those  most  generally  used.  In 
the  course  of  a  series  of  experiments  on  the  antagonism  between 
nitrites  and  suprarenal  preparations,  and  again  between  these 
organic  extracts  and  those  of  the  thyroid  gland,  it  became  necessary 
to  determine  the  exact  amount  of  the  minimal  effective  dose.  This 
afforded  an  opportunity  of  investigating  the  methods  applicable 
to  the  standardisation  of  these  preparations  and  their  relative 
efficiency. 

Since  Takamine's  *  preparation  of  a  pure  product  of  adrenalin, 
many  extracts  of  the  suprarenals  have  been  put  on  the  market. 

Jleyer  t  has  now  established  the  precise  nature  of  adrenalin  and 
has  prepared  it  synthetically,  while  Dakin  t  has,  also  by  synthesis, 
prepared  a  body  closelj'  allied  to  it  and  with  a  similar  physiological 
action.  It  has  now  become  possible  for  manufacturiug  chemists 
to  prepare  a  practically  pure  and  uniform  product.  To  test  how 
far  uniformity  exists  in  the  present  preparations,  the  following  were 
examined  : — 

Adrenalin  (Parke,  Davis  &  Co.). 
Suprarenalin  (Armour  &  Co.). 
Hemisine  (Burroughs,  AVellcome  &  Co.). 

Several  other  commercial  preparations  were  tested,  but  the 
results  were  found  to  be  uncertain  even  with  the  administration  of 
very  large  doses  ;  in  a  few  cases  a  fall  of  blood  pressure  instead  of 
a  rise  was  given. 

*  American  Journal  0/ Pliarmaa),  1901,  p.  523. 
t  Arch./.  Exper.  Path.,  xxxv.  p.  213. 
t  Proc.  of  Roy.  Soc,  Oct.  7,  1905,  p.  491. 
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Various  methods  of  determining  the  strength  of  action  of  the 
supi-arenal  preparations  liave  been  proposed. 

A. — Chemical. 
Colorimetric  methods  were  suggested  by  Battelli  *  and  others. 
The  reactions  depend  on  the  rose  colour  given  with  a  weak 
solution  of  iodine  and  on  the  green  tint  produced  with  ferric 
chloride.  The  nature  of  these  reactions  is  little  understood,  and 
the  possibility  of  their  being  given  by  other  substances  is  great. 
They  do  not  necessarily  afford  a  reliable  test  of  the  physio- 
logical activity  of  the  product.  I  find  that,  while  they  afford  a 
means  of  roughly  standardising  preparations  of  greater  strength 
than  adrenalin  1  in  40,000,  it  is  impossible  to  use  them  in  more 
dilute  solutions.  An  additional  difficulty  is  presented  when  the 
solution  to  be  tested  is  already  of  a  brownish  colour.  Hence  they 
do  not  seem  to  afford  a  reliable  or  delicate  method  for  standardising 
preparations. 

B. — Pliysiolo<jicaL 

1.  Perfusion  of  Vessels  of  Fro g.^Uiiw en  t  perfused  the  frog's 
vessels  and  got  a  decided  constriction  with  0-002  mg.  of  suprarenin 
in  10  c.cm.  (0'2  per  million)  under  a  pressure  of  20  cm.  of  water. 

2.  Action  on  Pupil  of  Frofs  Eye. — Ehrmann,  as  a  jireliminary 
to  his  investigation  as  to  the  fate  of  adrenalin  in  the  blood,  devised 
a  method  of  standardising  the  solutions  by  their  effect  on  the  pupil 
of  the  frog's  eye.  To  eliminate  the  sympathetic  effect,  he  used 
enucleated  bulbs.  The  controls  were  placed  in  physiological  salt 
solution.  The  amount  of  dilatation  of  the  pupil  is  expressed  as 
"maximal,"  "almost  maximal,"  "  considerable  "  and  "slight."  He 
showed  that  0"00005  mg.  in  1  c.cm.  ("05  per  million)  gave  a  slight 
dilatation  of  the  pupil,  while  further  dilutions  gave  no  result. 

On  repeating  these  experiments  of  Ehrmann,  similarly  satisfactory 
results  were  not  obtained.  There  is  difficulty  in  measuring  the 
exact  amount  of  dilatation  of  the  pupil.  It  is  also  possible  that 
absorption  through  a  fibrous  membrane,  especially  under  artificial 
conditions,  may  not  be  equal  and  constant.  In  one  experiment, 
where  the  solution  used  was  '00025  mg.  in  '5  cm.  (0"5  per  million), 

•  Compl.  Rend.  Soc.  dc  Biolng.,  1902,  y.  671. 

I  Arch.f.  Experim.  Path.  u.  Phamiak.,  Bd.  li.,  S.  416. 
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dilatation  of  tlie  pupil  resulted,  but  it  was  followed  on  long 
exposure  by  a  marked  contraction.  Probabl)'  any  slight  injury  to 
the  eye  during  enucleation  may  interfere  with  the  result. 

3.  On  Arferial  Blood  Pressure. — Ehrmann,  who  published  his 
results  when  my  investigations  were  nearly  completed,  also  tested 
the  minimal  effect  on  the  blood  pressure  in  cats.  He  quotes  one 
experiment  in  which  0'08  mg.  (002  mg.  in  1  c.cm.  of  which  i  c.cm. 
were  injected)  gave  a  slight  increase  of  blood  pressure.  The  effect 
was  just  appreciable  when  five-eighths  of  that  quantity  was  used. 
In  these  experiments  the  anaesthetic  was  ether,  and  the  injections 
were  made  into  the  jugular  vein. 

Elliott,*  in  investigating  the  disappearance  of  adrenalin  from 
the  body,  estimated  its  strength  by  means  of  the  blood  pressure  in 
cats  under  urethane  and  with  cut  vagi.  The  maximal  pressure 
curves  given  with  increasing  doses  of  adrenalin  injected  in  equal 
times  were  found.  The  intervening  values  were  estimated  from 
these  curves.  The  rise  varied  with  the  vein  into  which  the 
injection  was  made,  being  greatest  in  the  external  jugular.  The 
blood  pressure  results  were  corroborated  by  the  typical  eye 
reactions — widening  of  the  eyelids,  dilatation  of  the  pupil,  and 
retraction  of  the  nictitating  membrane. 

Before  the  publication  of  Ehrmann's  and  Liiwen's  papers,  I  had 
investigated  the  availability  of  the  perfusion  method  and  of  the 
method  of  determining  the  effect  on  arterial  pressure. 

In  the  perfusion  experiments,  a  cannula  was  tied  into  the  aorta 
of  a  pithed  frog,  and  the  fluid  to  be  tested  was  allowed  to  flow  by 
gravitation  from  a  reservoir.  After  passing  through  the  vessels  of 
the  frog,  the  fluid  escaped  through  the  cut  sinus  veuosus.  As  the 
difference  in  viscosity  of  the  perfused  fluids  was  practically 
negligible,  the  eff'ect  of  each  could  be  determined  by  the  rate  of 
flow  from  the  cut  sinus.  To  avoid  the  laborious  proceeding  of 
counting  the  drops,  a  graphic  record  was  taken.  The  perfused 
fluid,  as  it  escaped,  was  allowed  to  drop  on  a  light  aluminium  plate, 
I  inch  square,  which  was  fixed  obliquely  to  the  free  end  of  a  lever. 
The  movement  of  the  lever  caused  by  the  fall  of  a  drop  of  fluid 
was  transmitted  by  means  of  tambours  to  a  second  lever,  to  the 
*  Journal  of  Physiology,  vol.  xxxii.  p.  44". 
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end  of  which  a  writing  style  was  attached.  A  record  was  made  on 
a  revolving  drum.  By  this  means,  and  by  an  electric  marker  which 
marked  half  minutes,  the  rate  of  flow  was  graphically  represented. 

The  solutions  were,  in  all  cases,  made  with  Locke's  modification 
of  Ringer's  solution.  It  was  found  necessary  to  make  the  solution 
immediately  before  use,  as  the  fluid  became  pink,  and  rapidly 
lost  its  activity. 

1.  Perfusion  of  the  Vessels  in  the  Pithed  Frog. — Perfusion  of 
1  per  million  gives  a  very  marked  constriction,  which  continues 
for  a  considerable  time  after  the  adrenalin  is  withdrawn  and 
Locke's  solution  is  again  perfused.  Recovery,  however,  takes 
place  (unless  the  constricting  fluid  has  been  perfused  for  too 
long  a  time),  and  the  normal  rate  is  re-established.  Further 
dilution  to  0'5  per  million  gives  a  considerable  constriction, 
while  there  is  still  a  feeble  reaction  with  a  solution  of  '1  in  one 
million. 

Tlie  following  experiment  shows  the  slight  constricting  action 
of  O'l  per  million  : — 


After  perfusion  for  some  time. 

Solution. 

Time. 

Drops  per  minute. 

3-50 
3-53 
3-56 

3-58 

4-1 

4-2 

4-3 

4-4 

4-6 

4-8 

4-11 

4-14 

416 

4'17 

4-18 

24 
24 
24 

20 
21 
20 
20 
20 
20 
20 
22 
23 
22 
24 

Locke's  solution. 

Adrenalin  O'Ol  per  cent,  of 
1  in  1000,  0-1  in  a  million. 

Locke's  solution. 

When  this  result  is  compared  with  Lijwen's,  a  great  similarity 
is  seen. 

He  got  marked  constriction  with  OO'J  mg.  iu  10  c.c.  suprarenin, 
i.e.  with  0'2  per  million. 


\ 


1905-6.]        Standardising  Suprarenal  Preparatio'/us.  161 

The  results  on  different  frogs  were  somewhat  variable,  and  further, 
the  method  of  perfusion  is  tedious  and  troublesome,  especially  if 
the  preparation  to  be  tested  is  used  after  the  action  of  a  preparation 
of  standard  strength. 

2.  Minimal  Effective  Dose  on  Blood  Pressure  in  Rabbits. — The 
blood  pressure  experiments  were  performed  by  Dr  Noel  Paton. 
Rabbits  of  fairly  uniform  size  (about  2000  grams)  were  selected. 
The  carotid  artery  was  connected  with  a  mercury  manometer 
in  the  usual  way,  and  the  injections  were  made  into  the  jugular 
vein.  Full  anaesthesia  by  ether  was  maintained  till  the  death 
of  the  animal. 

Gradually  decreasing  doses  were  injected  into  the  jugular  vein. 
The  smallest  amount  which  gave  a  definite  and  invariable  rise 
of  blood  pressure  was  0-5  c.c.  of  a  0'125  per  cent,  solution  of 
adrenalin  (Parke,  Davis,  1  in  1000)— that  is,  -00062  mg.  of 
adrenalin,  or  -0003  mgs.  per  kilo.  A  similar  result  was  given  with 
hemisine  and  with  suprarenalin  when  used  in  the  same  strengths 
{fig.  1).  In  the  case  of  the  adrenalin  and  of  tlie  suprarenalin,  the 
solution  was  made  from  the  commercial  1  in  1000  preparation  :  the 
hemisine  tabloid  was  first  made  up  to  1  in  1000  with  Locke's 
solution,  and  was  then  further  diluted  as  required.  This  result 
may  be  expressed  in  another  way — '00000031  gram  per  kilogram 
of  body  weight  causes  the  minimal  rise  of  blood  pressure  in  rabbits. 
If  the  blood  of  the  rabbit  is  taken  as  5  per  cent,  of  its  body  weight,* 
then  -006  per  million  of  blood  is  effective.  When  we  compare 
this  result  with  that  of  Ehrmann,t  who  found  that  -00002  gram 
per  kilogram  of  body  weight  in  a  cat  gave  a  rise  of  pressure 
which  was  just  appreciable,  we  find  a  corroboration  of  Lesage's  \ 
statement  as  to  the  comparative  resistance  of  the  cat  to  the 
effect  of  adrenalin.  In  an  experiment  on  a  cat  of  two  and  a  half 
kilogrammes,  a  rise  of  blood  pressure  was  given  with  -00003  g.  in 
1  c.c.  (-000012  g.  per  kilo) — that  is,  just  over  one-half  the  amount 
given  by  Ehrmann  to  produce  his  minimal  result.  It  is  interesting 
to  compare  this  result  with    Schiifer'sg   suggestion,  made   before 

*  Douglas,  Journal  of  Physiology,  vol.  xxxiii.  p.  493. 
t  Loc.  eit. 

X  Arch,  intern.  <k  Pharmnc.  ct  dc  Tlu'rnp.,  li.  p.  304,  and  C.  R.  Soc.  Biol., 
1904,  p.  665. 

§   Text-book  of  Phijsiology,  vol.  i.  p.  957. 
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the  active  principle  was  isolated,  that  -OOOOOl  g.  per  kilogram  of 
body  weight  would  produce  a  distinct  action  of  the  heart  and 
arteries. 


Fio.  1.  To  show  tlie  ellL'ot  on  the  blood  pressure  of  intravenous  injection 
in  the  rabbit  of -00031  mg.  per  kilo  of  (a)  Hemisine  ;  (ft)  Snprareniilin  ; 
ami  '(■)  Adrenalin. 


Tin:  same  rise  of  pres.sure  was  given  whotlier  llic  initial  prc.'s.sure 
was  low  or  liiyh. 

•   In  all  traces  time  is  niiuked  in  li.ilf  niiriiites. 
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A  siiniLu'  curve  of  increased  pressure  w;is  given  when  the  same 
amount  of  adrenalin  was  injected  towards  the  end  of  a  fall  of 
pressure  from  sodium  nitrite  (fig.  2),  and  during  the  slowly 
rising  pressure  produced  by  a  weak  solution  of  barium  chloride 
(■5  CO.  of  '5  per  cent,  solution). 

This  weak  solution,  then,  '0000031  gram  per  kilo  of  body 
weight,  produces  a  distinct  effect  when  the  blood  pressure  is 
normal,  when  it  is  falling  gradually,  and  when  it  is  being  increased 
slowly. 

With  a  reliable  adrenalin  preparation  available  to  give  a 
standard  of  comparison,  this  method  affords  an  excellent  and 
easy  means  of  standardising  any  preparation.  But  when  this  is 
not  available  the  metliod  is  not  so  satisfactory. 

3.  Antagonism  to  definite  Doses  of  Vaso-dilators. — On  account 
of  the  disadvantages  of  these  methods,  the  plan  of  standardising 
against  a  vaso-dilator  of  known  composition  was  tried.  The 
marked  peripheral  vascular  dilatation  caused  bj-  the  nitrites 
suggested  their  use.  It  is  recognised  that  all  the  nitrites  cause 
vascular  dilatation,  but  their  effects  differ  in  degree  and  in  dura- 
tion. The  nitrate  esters  which  act  as  nitrites  were  not  available 
because  of  their  insolubility.  As  Atkinson*  points  out,  nitrous 
acid  is  too  unstable  to  be  used.  The  amyl  base  in  amyl  nitrite 
has  a  decided  action  of  its  own,  and  the  alcohol  required  to 
keep  it  in  solution  increases  the  dilatation.  vSodium  has  not  a 
well-marked  pharmacological  activity,  and  so  sodium  nitrite  is  a 
convenient  salt  to  use  in  order  to  get  a  nitrite  effect. 

Hay  t  states  that  nitroglycerin  is  chemically  a  nitrate  of  glyceryl ; 
in  an  alkaline  fluid  such  as  the  blood,  it  is  decomposed  and  a 
nitrite  is  liberated.  Marsliall  ;  does  not  agree  with  this  view 
of  the  action  of  nitroglycerin.  He  contends  that  it  probably 
remains  unchanged  and  is  not  reiluced  until  it  reaches  the 
tissue  cells.  Wherever  the  seat  of  the  chemical  change  may 
be,  there  is  no  doubt  that  nitroglycerin  acts  physiologically  as 
a  nitrite. 

Sodium  nitrite  was  first  u.'^cd  in  this  series  of  experiments. 

*  Journal  of  Anatomy  and  Physiolo(nj,  vol.  xxi.  p.  225. 
t  Practitioner,  vol.  xxx.,  1883,  p.  422. 
t  Journal  of  Physiology,  1897-9S,  p.  1. 
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I'M.  2.  To  show  the  ctreit  of  a  niiiiiiiml  dose  of  njieimliii  on  the  blood 
I'lessiire  of  a  rabbit  during  (a)  a  rise  from  injection  of  barium  cbloride, 
and  (6)  towards  tlie  end  of  a  nitrite  fall  of  pressure. 
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Many  commercial  preparations  of  sodium  nitrite  are  very 
impure  and  contain  considerable  quantities  of  the  nitrate.  The 
sodium  nitrite  of  Merck  is  practically  pure.  The  crystals  were 
kept  dry  and  the  solutions  were  freslily  made.  When  made  in 
this  way,  the  solution  of  nitrite  is  practically  of  uniform 
strength. 

Nitrites  have  been  largely  used  in  perfusion  experiments. 
Atkinson  *  perfused  frogs  with  solutions  of  sodium  nitrite  (con- 
taining 99  per  cent,  of  nitrite  by  the  permanganate  method), 
and  he  got  dilatation  of  the  vessels  in  solutions  of  from  1  in  100 
to  1  in  100,000 — the  increased  flow  in  the  latter  case  being  from 
16-18  per  cent.  A  solution  of  1  in  200,000  was  without  effect. 
He  also  perfused  nitroglycerin,  and  got  an  increased  flow  up  to 
a  dilution  of  1  in  1,000,000. 

Leech  t  perfused  decapitated  tortoises  with  solutions  of  sodium 
nitrite  and  collected  the  fluid  in  graduated  flasks.  After  a 
preliminary  contraction,  dilatation  of  the  vessel  wall  resulted 
with  strengths  of  from  1  in  1000  to  1  in  10,000.  This  preliminary 
contraction  was  not  seen  on  perfusing  the  kidneys  of  warm- 
blooded animals.  He  also  found  marked  dilatation  on  perfusion 
of  the  lungs  of  a  cat  killed  by  chloroform.  Leech  calls  attention 
to  a  certain  resemblance  between  the  action  of  alcohol  and  that 
of  the  nitrites,  but  he  states  that  the  nitrites  are  more  rapid  and 
also  more  evanescent  in  their  action.  Marshall,!  '"  ^^^^  course 
of  his  experiments  on  the  antagonism  of  digitalis  and  the  nitrites, 
perfused  sheep's  kidneys  with  sheep's  blood,  and  demonstrated 
that  there  was  not  chemical  antagonism,  but  that  each  drug 
produced  its  own  effect,  which  varied  with  the  length  of  time 
and  the  rapidity  of  action,  and  also  with  the  strength  of  the 
solution. 

Both  the  perfusion  method  in  pithed  frogs  and  blood  pressure 
in  rabbits  were  used  as  a  means  of  estimating  the  effect  of 
adrenalin  and  a  nitrite  given  together. 

(a)  Perfusion. — A  solution  of  adrenalin  of  the  strength  of 
0'05  per  cent,  of  1  in  1000  gives  a  marked  constriction  when 
perfused  in   a  pithed  frog.     Sodium   nitrite   (Merck)  was  added 

*  Loc.  HI. 

t  Brit.  Mai.  Journal,   vol.  i.,  1893,  p.  1305.      t  Loc.  cil. 
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to  the  solution.  Until  6  per  cent,  of  the  nitrite  was  added,  the 
adrenalin  constriction  was  still  given.  When  this  strength  was 
reached,  no  constriction  appeared  even  with  continued  perfusion, 
but  a  slight  dilatation  was  present.  When  the  perfusion  of  the 
mixture  was  stopped  and  Locke's  solution  was  used,  the  nitrite 
effect  rapidly  passed  off,  and  a  prolonged  adrenalin  effect  was 
given.  The  nitrite  apparently  could  only  antagonise  the  effect 
of  the  adrenalin  or  delay  its  action  while  the  two  drugs  were 
being  perfused  through  the  vessels. 

A  typical  experiment  in  which  antagonism  was  not  established 
may  be  given,  as  it  demonstrates  the  influence  of  both  drugs  on 
the  vessels. 


After  perfusion  for  35  minutes. 

1 

Solution. 

Time. 

Drops  per  minute. 

1-25 

20 

Locke's. 

1-27 

20 

1-28 

Sod.  nitrite,  0'5  percent. 

1  38 

46 

1-41 

44 

l-4:i 

4b 

1-4S                                       44 

1-50 

Locke's. 

1-56 

40 

2-0 

40 

2-4 

28 

2-8 

22 

2-25 

Sod.  nitrite,  0'25  per  cent.  ; 

2-28 

adrenalin,  0"05  per  cent 

2-35 

6 

2-88 

10 

(6)  Blood  Presture.  —  The  effect  of  nitrites  on  the  blood 
pressure  has  been  extensively  studied. 

Lauder  Brunton  *  investigated  the  fall  of  blood  pressure  caused 
by  the  inhalation  of  amyl  nitrite.  Atkinson, t  in  experiments 
on  rabbits  with  their  vagi  intact,  got  a  fall  of  blood  pressure  and 
acceleration  of  the  pulse  witli  a  dose  of  i  grain  of  sodium  nitrite. 
A  simihir  result  was  obtained  with  mucli  smaller  doses  of  nitro- 
glycerin.    The  pressure  fell  with  1  in  1500,  but  with  1  in  50,000 

*  Journal  of  Anatomy  and  PhtjsiohMjy,  vol.  v.  p.  92. 
t  Loc.  cit. 
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there  was  a  slight  rise.  In  bloorl  pressure  experiments  with  a 
mixture  of  digitalin  and  nitroglycerin,  Marshall  *  fomid  that,  as 
in  his  perfusion  experiments,  each  drug  gave  its  own  characteristic 
action,  the  nitrite  fall  of  pressure,  being  a  less  prolonged  effect, 
passed  off,  and  then  a  digitalin  rise  was  seen.  This  result  was 
corroborated  on  the  isolated  frog's  heart. 

Leech  t  has  tested  the  action  of  barium  nitrite  on  muscle 
directly.  Barium  chloride  increases  the  contractile  power  of 
muscle  and  causes  contracture.  In  barium  nitrite,  the  two  parts 
appear  to  act  independently.  The  barium  action  is  first  evident, 
later  the  contraction  is  annulled,  and  death  of  the  muscle  results 
earlier  than  with  barium  chloride. 

In  the  present  experiments  rabbits  were  used,  and  the  blood 
pressure  was  estimated  as  described  above.  Nitroglycerin  was 
here  used  in  order  to  get  a  more  rapid  effect  than  that  given 
with  the  sodium  nitrite.  The  preparation  used  was  that  of 
Parke,  Davis  fc  Co.,  made  up  in  y^  grain  (0"6  mg.)  tablets. 

Adrenalin  was  injected,  '5  c.c.  of  1-5  per  cent.  (fig.  3  a),  and 
when  the  pressure  had  again  returned  to  normal,  the  nitrite 
fall  was  demonstrated  with  nitroglycerin  yi^  grain  (0'6  mg.) 
(fig.  3  h).  Then  an  equal  volume  of  solution  which  contained 
both  drugs  was  injected. 

When  adrenalin  0'5  c.c.  of  1'5  per  cent,  was  injected  with  1  c.c. 
containing  0'6  mg.  grain  of  nitroglycerin,  the  adrenalin  rise  was 
almost  entirely  cut  down,  and  the  opposing  effect  of  the  nitro- 
glycerin was  soon  manifested  by  a  very  slight  fall  and  then  a 
return  of  the  normal  pressure  (fig.  3  c).  The  tracing  given  closely 
resembles  a  minimal  adrenalin  effect.  Each  of  the  drugs  is  here 
apparently  acting  independently,  but  in  opposite  directions — the 
greater  rapidity  of  action  of  the  adrenalin  showing  itself  in  the 
increase  of  blood  pressure  before  the  nitrite  acts.  If  the  amount 
of  adrenalin  injected  be  still  further  diminished  ("4  c.c.  of  TS 
per  cent,  being  injected)  while  the  same  amount  of  nitroglycerin 
is  used,  the  effect  of  the  change  in  proportion  is  seen  (fig.  3  d). 
Again,  the  rapid  action  of  adrenalin  causes  an  increa.se  of  pressure 
which  is  soon  abolisheil  by  the  commencing  nitrite  action.  In 
this  case  a  sufficient  amount  of  nitrite  is  given,  not  only  to 
*  Loc.  cit.  t  Loc.  dl. 
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prevent  the  adrenalin  rise,  but  also  to  cause  a  definite  fall  of 
pressure.  This  fall  is  not,  however,  verv  marked,  as  the  vascular 
dilatation  is  being  opposed  although  not  abolished  b3'  the  adrenalin. 


Fig.  3.  To  show  the  neutralising  nction  on  the  blood  pressme  of  nitroglycerin 
and  adrenalin,  (o)  Elfeot  of  ndrenalin  0-0075  mg.;  (i)  effect  of  nitro- 
glycerin 0-6  nig. ;  ((•)  effect  of  (a)  and  {h)  combined  ;  (rf)  effect  of  adrenalin 
0-006  mg.  with  0-6  mg.  of  nitroglycerin. 

The  best  antagonistic  action  is  tlius  given  \\'\t\\  b  c.c  of  1-5  per 
cent,  solution  of  adrenalin  combined  with  -j J(j  grain  of  nitro- 
glycerin— -0075  mg.  of  adrenalin  is  antagonised  by  "G  nig.  of  nitro- 
glycerin— that  is,  the  nitroglycerin  and  adrenalin  are  as  80  to  J. 
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In  an  experiment  on  a  cat,  the  amount  of  adrenalin  which  pro- 
duced a  moderate  rise  of  pressure  (-OS  mg.  in  1  c.c.)  was  combined 
with  yijj  grain  of  nitroglycerin,  and  a  result  verj'  similar  to  that 
given  with  the  smaller  dose  in  rabbits  was  given  (fig.  4). 

The  preliminary  rise  of  adrenalin  is  again  inhibited  by  the  action 
of  the  nitroglycerin,  and  the  normal  pressure  level  is  rapidly  reached. 
It  is  interesting  to  note  that  although  the  adrenalin  must  be  used 
in  strong  solutions  in  order  to  effect  the  blood  pressure  in  the  cat, 
nitroglycerin  apparently  acts  in  very  much  the  same  way  in  the 
cat  as  it  does  in  the  rabbit.     This  also  tends  to  prove  that  adrenalin 


Fio.  i.  Toshuw  the  lifUtialisingeU'ectof  nitroglycerin  aiiil  adrenalin  on  the  blood 
pressure  of  the  eat,  '03  mg.  of  adrenalin  against  0'6  mg.  of  nitroglycerin.* 

and  a  nitrite  act  independently  but  in  opposite  directions — in  other 
words,  that  the  antagonism  is  what  might  be  called  dynamic  rather 
than  chemical. 

Of  these  two  methods  employed  for  the  combination  of  nitrite 
and  adrenalin,  that  of  estimation  by  the  blood  pressure  is  more 
satisfactory.  The  action  of  adrenalin  when  perfused  through  the 
peripheral  circulation  is  of  considerable  duration,  while  a  return  to 
the  normal  is  more  rapid  with  a  nitrite.  On  long-continued  per- 
fusion then,  although  at  first  an  antagonism  is  e.stablished,  the 
adrenalin  effect  ultimately  appears  on  discontinuing  the  perfusion. 
The  power  of  the  cells  to  react  to  the  stimulus  of  nitrite  is  more 
readily  exhausted  ;  then  the  adrenalin  effect  is  seen. 
*  Top  line  is  the  respirations. 
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In  my  hands  the  method  of  standardising  preparations  of 
adrenalin  wliich  has  proved  most  serviceable  is  that  of  testing 
their  antagonistic  effect  to  a  known  dose  of  nitroglycerin,  O'G  mg. 
(tJ(7  g''-)  of  which  should  require  0-0075  mg.  of  the  adrenalin 
preparation  to  antagonise  its  dilator  action. 

In  one  preparation  of  suprarenal  submitted  to  the  Laboratory 
for  examination,  the  minimal  effective  dose  was  0'5  c.e.  of  a  1  per 
cent,  solution.  The  minimal  effective  dose  of  adrenalin  is  0'00062 
mg.  for  a  rabbit  of  about  2000  grams.  Of  the  solution  tested, 
•005  c.c.  is  then  equal  to  '00062  mg.  of  adrenalin — that  is,  1  c.c. 
=  0-12  mg. 

This  result  is  corroborated  when  the  nitroglycerin  method  of 
standardisation  is  used.  The  dilator  effect  of  y^  grain  nitro- 
glycerin ('G  mg.)  is  opposed  by  7  c.c.  of  10  per  cent.  The  same 
amount  of  nitroglycerin  is  neutralised  in  effect  by  -5  c.c.  of  1  'o  jier 
cent,  of  adrenalin  ('0075  mg.).  Then  1  c.c.  of  the  solution  is  equal 
to  0-107  mg. 

The  solution  is  therefore  rather  more  than  y^j  as  strong  as  the 
adrenalin  chloride  1  in  1000  of  Parke,  Davis  &  Co. 

Summary. 
For  the  standardisation  of  adrenalin  piepnrations. 

(a)  The  colorimetric  method  is  not  reliable  with  weak  or  im- 
pure solutions. 

(b)  The  eilect  on  the  pupil  of  tlie  frog's  eye  gives  uncertain 
results. 

(c)  The  determination  of  the  minimum  effective  dose  on  the 
arterioles  of  the  perfused  frog  is  tedious  and  uncertain ;  on  an 
average  O'l  per  million  produces  an  ett'ect. 

(d)  The  determination  of  the  minimum  effective  dose  in  caus- 
ing a  rise  on  the  blood  pressure  of  the  atropinised  rabliit  yields 
fairly  satisfactory  results. 

(e)  Adrenalin,  suprarenalin,  iind  heniisine  all  give  a  precisely 
similar  result,  O'OOOS  mg.  per  kilo  of  body  weight,  or  0'006  per 
million,  of  the  rabbit's  blood  causing  a  distinct  rise  in  the  blood 
pressure  in  the  rabbit,  and  0-012  mg.  jier  kilo  of  body  weight,  or 
0-24  per  million,  of  the  blood  causing  a  rise  in  tiie  cat. 
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(/)  Tlie  most  satisfactory  method  is  the  determination  of  the 
dose  just  sufficient  to  antagonise  (V6  mg.  (y^„  o""-)  o^  nitroglycerin 
(Parke,  Davis  &  Co.).     Of  adrenalin,  0-0075  mg.  is  sufficient. 

I  wish  to  e.xpress  my  indebtedness  to  iJr  Xoel  Patoii  for  much 
help  in  the  preparation  of  this  i)aper. 

The  e.\penses  of  this  research  were  defrayed  from  a  grant  made 
to  the  Laboratory  by  Mr  J.  Francis  Mason  for  investigations  on 
the  physiology  of  the  ductle.^s  glands. 


[Issued  separatdy  Man  2',  1906.) 
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I.  Introductory. 

The  fonuatcs  at    tlie  present   time  are  receiving   nnR-li    notice. 
PoiuLs   of   interest  are  associated   with   their  ciieniistry,  and   in 
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the  realm  of  therapeutics  no  up-to-date  tonic  is  complete  with- 
out them.  It  has  been  claimed  for  them  that  they  stimulate 
the  heart,  vessels,  bladder  and  alimentary  canal ;  that  they 
increase  the  appetite,  abolish  fatigue,  and  exert  a  tonic  influence 
on  muscles.  One  enthusiast  suggests  that  for  the  latter  reason 
formic  acid  should  replace  alcohol  among  the  working-classes.  It 
has  been  stated  that  the  formates  are  powerful  diuretics ;  that  they 
conserve  youth,  delay  senescence,  and  that  they  cure  rheumatism, 
tremors  and  pneumonia.  When  administered  to  rabbits  they 
increase  their  vi\'acity,  while  the  endowment  of  the  ant  with 
formic  acid  explains  its  industry. 

The  local  application  of  formic  acid  is  said  to  cure  lupus 
and  inoperable  cancer,  and  it  has  been  recommended  as  a  pre- 
servative of  food.  The  physiological  action  of  substances  alleged 
to  be  possessed  of  so  many  of  the  attributes  of  an  elixir  of  life 
seemed  to  us  to  be  worth  investigating. 

The  literature  on  the  subject  is  for  the  most  part  unsatis- 
factory. The  work  of  Clement'  and  Garrigue^  can  only  be 
described  as  that  of  wild  enthusiasts.  Huchard,^  however,  to 
a  certain  extent  confirms  their  results,  though  he  does  so  in 
more  restrained  phraseology. 

A  much  more  careful  piece  of  work  is  that  of  Fleig.^  In 
the  first  part  of  his  paper  he  criticises  his  French  confreres 
so  unmercifully  and  so  thoroughly  that  he  leaves  subsequent 
critics  very  little  to  say.  Indeed,  had  Fleig's  paper  received  the 
attention  it  deserves  the  formates  would  never  have  attained 
the  position  in  fashionable  therapeutics  they  now  have.  Fleig 
immersed  exposed  loops  of  intestine  in  animals  in  Locke's  fluid 
and  noted  the  movements.  Formate  of  soda  added  in  varying 
proportions  never  atl'ected  the  contractions  in  amplitude,  frequency, 
or  rhythm.  Experimenting  with  the  isolated  heart  of  rabbits  he 
never  obtained  an  exciter  or  reinforcing  effect  due  to  sodium 
formate.  On  the  contrary,  concentrated  solutions  caused  toxic 
eflects,  lessened  amplitude,  diminislied  frequency  and  arhythmia. 

In  tiie  case  of  a  nearly  exliausted  lieart,  however,  calcium 
formate  acted  as  a  stimulant,  just  as  any  calcium  salt  would. 
The  contractions  of  the  gastrocnemius  of  rabbits  set  up  by  induc- 
tion shocks  weie  not  aHected  by  sodium  formate. 

Nerve  energy  direct  and  reflex  was  not  stimulated  by  sodium 
formate.     Ergograpliic  records,  carefully  carried  out,  wore  negative 
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in  Fleig's  observations,  and  he  ascribes  the  lesults  of  Clement  and 
Huchard  to  the  effects  of  training  and  suggestion. 

Among  the  purely  clinical  records  the  only  observations  of 
importance  are  those  of  Groom  ^  in  1906,  and  Ker  and  Croom," 
published  last  June.  They  have  given  formic  acid  to  patients 
suffering  from  diphtheria,  and  conclude  that  the  results  they 
obtained  are  distinctly  encouraging,  particularly  in  relation  to 
the  occurrence  of  cardiac  failure  and  paralysis.  They,  however, 
themselves  admit  that  standards  of  comparison  for  its  merits  are 
difficult  to  obtain  in  such  a  disease.  They  cannot  confirm  the 
diuretic  effect  observed  by  Clement  and  Huchard,  and  in  this 
particular  standards  of  comparison  are  definite.  While  their 
general  verdict  on  formic  acid  is  favourable,  it  is  expressed  with 
an  amount  of  Scotch  caution  which  contrasts  strongly  with  the 
enthusiasm  of  the  French  advocates. 

The  salts  we  employed  in  the  following  experiments  were  those 
of  sodium,  potassium  and  calcium.  In  many  instances,  however, 
the  action  of  the  two  latter  was  evidently  affected,  sometimes  to 
a  preponderating  extent,  by  the  metallic  ion,  so  that  the  bulk  of 
our  later  investigations  Vv'ere  carried  out  with  the  sodium  salt. 

A  few  observations  were  made  with  formic  acid,  but  its 
powerful  local  nocuous  effects  in  causing  tissue  necrosis  and  in- 
creasing coagulability  of  the  blood  obviously  rendered  it  unsuitable 
for  such  investigations  as  we  wished  to  carry  out. 

We  may  note  in  passing  that  the  formic  acid,  even  in  dilute 
solution,  has  a  local  effect  on  muscle.  The  muscle  becomes  more 
translucent  and  acquires  a  curious  glazed  appearance. 

II.  Observations  on  Animals. 

1.  Effects  on  Blood  Pressure. — Observations  were  made  on  14 
rabbits,  fidly  aniii'sthetised  with  ether.  In  most  cases  several 
salts  were  employed.  Tracings  were  taken  from  the  left  carotid, 
and  the  solutions  were  injected  into  the  left  jugular  vein.  The 
vagus  nerves  were  cut  in  the  great  majority  of  cases.  The  doses 
varied  from  10  to  20  m.  according  to  tlie  weight  of  the  rabbit*. 

Sodium  Formate. — 

Injection  of  a  1/500  solution  had  no  efl'ect. 

Injection  of  1/100  solution  in  4  instances,  and  of  1  '50  solution 
in  2  instances,  had  no  effect. 
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Injection  of  1/25  caused  a  very  slight  fall  of  pressure  in 
3  cases ;  but  in  one  instance  had  no  effect. 

Injection  of  1/10  caused  a  slight  fall,  with  immediate  recovery 
in  5  eases. 

Saturated  solution  caused  a  fall  of  64  mm.  of  mercury,  followed 
by  a  gradual  rise  to  normal. 

Potassium  Formate. — 

Injection  of  1/1000  caused  a  slight  fall  of  pressure,  with 
immediate  recovery. 

Injection  of  1/100  caused  a  fall  of  pressure,  with  recovery 
in  3  cases,  and  was  negative  in  3  cases. 

Injection  of  1/25  in  all  of  3  cases  caused  a  very  definite  fall, 
with  recovery  gradual  and  not  always  complete. 

Injection  of  1/10  in  all  of  4  cases  caused  a  fall  practically  to 
zero,  and  was  immediately  fatal  in  3  cases.  The  fourth  animal 
recovered  only  after  artificial  respiration. 

Calcium  Formate. — 

Injection  of  1/500  had  no  effect. 

Injection  of  1/250  had  no  effect. 

Injection  of  1/100  caused  a  slight  fall  in  one  case,  a  slight  rise 
in  another,  had  no  effect  in  a  third,  and  stopped  the  e.xperiment 
by  clotting  in  two  instances. 

Two  injections  of  1/50  had  no  effect. 

Injection  of  1/25  caused  a  slight  fall,  with  recovery  in  2  cases, 
and  had  no  effect  on  a  third. 

Two  injections  of  1/10  (saturated)  solution  tended  to  cause  a 
slight  rise.  In  one  case  a  slight  fall  was  caused.  In  each  case 
clotting  occurred  and  prevented  further  observations. 

Formic  Aciil. — Two  injections  of  1/50  were  made.  In  each 
case,  after  a  iirtjliminary  fall  and  recovery,  tliere  was  a  long  and 
gradual  fall. 

These  experiments  indicate  tliat  sodium  formate  luis  little  effect 
on  the  blood  pressure,  unless  it  is  in  fair  concentration.  Strong 
solutions  are  definitely  depressor. 

Potassium  formate  is  slightly  dei)ressor  in  dilute  solutions, 
(lelinitcly  dejiressor  in  moderate  concentration,  and  usually  fatally 
inliibils  the  lieart  in  strong  solutions. 

Tlie  experiments   with   calcium    were    les.s   detinite,   but   tiiey 
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probably  warrant  the  inference  that  the  more  dilute  solutions 
have  a  slight  depressor  effect,  and  that  concentrated  solutions 
tend  to  raise  the  pressure. 

The  general  effect  of  the  acid  in  the  two  experiments  was 
depressor. 

The  want  of  similarity  in  the  action  of  the  different  salts  is 
to  be  explained  by  the  influence  of  the  metallic  ion.  The  true 
formate  effect  is  shown  in  the  case  of  the  soda  salt  to  be  depressor. 


Fig.  1. — Blood  pix'ssiu-e  tracing  fimu  left  carotid  of 
rabbit,  sliowing  fall  of  pressure  following  tlie  intravenous 
injection  (between  tlie  two  crosses)  of  20  m.  of  sodium 
formate  (1   in  5).     Trace  reads  from  right  to  left. 


This  depressor  effect  becomes  enormous  when  added  to  the  pre- 
ponderating potash  effect,  while  it  tends  to  be  obscured  altogether 
when  opposed  by  the  stimulating  action  of  calcium. 

2.  Observations  on  the  Blood-  Vessels. — These  experiments  were 
carried  out  on  pithed  frogs.  A  cannula  was  tied  into  the  aorta 
and  Ringer's  solution  was  allowed  to  flow  into  it  from  a  reservoir 
in  which  the  Huid  was  kept  at  approximately  the  same  level.  The 
salt  to  be  investigated  was  added  to  the  Eingor's  solution  in  known 
proportions.  After  flowing  through  the  vessels  the  fluid  escaped 
from  a  cut  in  the  sinus  venosus,  and  eventually  dropped  from  the 
animal's  toes.  By  such  an  arrangenuMit  any  change  in  the  calibre 
of  the  vessels  affects  the  rate  at  wliicli  the  drops  fall.     We  used  a 
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graphic  method  for  recording  the  drops.  They  were  allowed  to 
fall  on  a  piece  of  tin-foil  attached  to  the  long  lever  of  a  receiving 
tambour.  The  movements  were  transmitted  to  the  lever  of  a 
recording  tambour  antl  were  marked  on  the  smoked  paper  of  a 
kymographion.  Time  intervals  were  recorded  by  means  of  an 
electric  marker.  After  a  salt  had  been  perfused  the  vessels  were 
again  perfused  with  Ringer's  solution  only.  Those  experiments,  in 
which  the  return  rate  most  closely  approached  the  original  rate, 
were  obviously  the  most  satisfactory,  but  a  failure  to  obtain  a 
return  rate  similar  to  the  original  does  not  necessarily  invalidate 
the  observation.  Sixty-six  experiments  were  carried  out.  The 
following  is  a  typical  example: — 

Frog  perfused  toith  Ringer's  Solution. 
Original  Rate      .  .  .20  per  minute. 

After  the  addition  of  1  in  1000  Sodium  Fwmate. 

In  30  seconds      .  .  .22  per  minute. 

In  60  seconds      .  .  .24  ,, 

1  to  3,V  minutes  .  .  .         28  „ 

3^  to  5.V  minutes  .  .         26  „ 

b\  to  6  mirmtes  .  .  .         24  „ 

6  to  7  minutes    .  .  .22  „ 

7  to  10  minutes  .  .  .         20  „ 
10  to  14  minutes  .  .          18  „ 

Ringer's  Sohilion  only. 

14  to  19  miinites  .  .  16  per  minute. 

19  to  20  minutes  .  .  18  „ 

With  a  few  exceptions  it  was  found  tliat  all  the  salts  in  all  tlio 
dilutions  used  first  causeil  a  dilatation  followed  by  constriction. 
In  15  instances  (7  potassium,  4  soda,  4  calcium)  tliero  was 
no  dilatation,  and  in  10  instances  (8  soda,  1  potassium,  1  calcium) 
no  constriction  occurred.  In  nearly  every  case  the  dilatation  began 
within  ?}  seconds,  never  later  than  30  seconds,  and  gradually 
aii]iroachcd  its  maximum.  Tiie  constriction  followed  in  from  17 
to  480  seconds,  usually  about  tiie  expiry  of  a  minute  and  a  half. 
Altliongh  tlie  intervals  of  time  at  which  tiie  dilatation  and  con- 
striction occurred  varied  within  very  narrow  limits,  it  seomed  to  us 
that  in  collating  our  results  to  select  arbitrary  intervals  and  state 


Action  of  Ceytaiii  Salts  of  Fovniic  Acid      9 

the  conditions  then  found  would  not  correctly  indicate  the  result 
of  our  experiments.  We  therefore  chose  the  maximum  amount  of 
change  in  each  case. 

The  results  are  tabulated  as  follows. 

The  number  of  drops  is  that  counted  in  30  seconds. 


Sodium  Formate,  1  in  1000. 


Maxinium 

Dilatation 

Kate. 


Maximum 

Constriction 

Rate. 


Peicentase  Rate. 


Dilatation.    Constriction. 


108 
20 
19 
33 

136 
12 

142 
38 
34 


127 
22 
19 
47 

151 
16 


56 
37 


99 
14 
14 
16 

114 
10 

115 
56 
12 


99 
19 
19 

130 
10 

171 
56 

12 


117 

91 

110 

70 

100 

73 

142 

52 

111 

83 

133 

83 

100 

81 

145 

100 

109 

35 

118 


74 


Sodium  Formate,  1  in  500. 


10 

99 

104 

77 

77 

11 

19 

23 

19 

19 

12 

19 

23 

19 

19 

13 

8 

9 

5 

6 

14 

68 

130 

120 

15 

10 

8 

Average 


110 

80 

121 

100 

121 

100 

112 

62 

191 

100 

100 

80 

126 

87 

Sodiv7n  Formate,  1  m  250. 


16 

77 

96 

71 

71 

17 

19 

26 

19 

19 

18 

19 

25 

16 

16 

19 

7 

10 

7 

7 

Average 


124 

78 

136 

100 

131 

84 

142 

100 

133 

90 
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Sodium  Formate,  1  in  100. 


Experi- 

Maximum 

Dilatation 

Rate. 

llaxinmm 

Cdiistricaioii 

Rate. 

Return 
Hate. 

Percentage  Rat«. 

ment. 

Rate. 

Dilatation. 

Constriction. 

20 

21 

22 
23 

20 
71 
19 

ir. 

75 
25 
21 

60 
18 

5 

10 
60 
18 
11 

100 

105 
132 
131 

90 
84 
94 
69 

Aveiagc 

117 

84 

Sodium  Formate,  1  in  50. 


24 

60 

180       1 

60 

60 

300 

100 

25 

18 

24 

10 

18 

133 

55 

26 

11 

19 

9 
Average 

9 

181 

81 

204 

78 

Sodium 

Formate, 

1  in  25. 

27 

60 

166 

60 

60 

276 

100 

28 

18 

29 

4 

161 

78 

29 

9 

11 

4 
Average 

122 

56 

186 

78 

30 
31 


32 

188 

33 

10 

34 

171 

35 

56 

36 

45 

37 

60 

38 

33 

39 

9 

Sodium  Formate,  1  in  10. 


39       I         12       I 
Average 


Potassium  Formate,  1  in  1000. 


47 
67 
46 


125 

7 

129 

48 

39 

36 

17 

10 

Avtjrago 


136 
10 

156 
56 
42 
55 
26 
9 


140 
200 


170 


100 
63 


81 


100 

66 

110 

70 

100 

75 

100 

85 

104 

86 

112 

86 

139 

51 

133 

100 

112 

77 
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Potmsium  Formate,  1  in  500. 


Experi- 

Oiisinal 
Rate. 

Maximum 

Dilatation 

Rate. 

Maximum 

Constriction 

Rate. 

Return 
Rate. 

Percentage  Rale. 

ment. 

Dilatation. 

Constriction. 

40 
41 
42 
43 
44 

6 

120 

42 

44 
50 

11 

148 
44 
59 
59 

5 

36 

18 
36 

47 

7 

120 

38 

55 

50 

183 

123 
104 
134 

118 

63 
30 
41 
81 
94 

Average 

132 

62 

Potassium  Formate,  1  in  250. 


45 

8 

8 

3 

8 

46 

30 

34 

7 

26 

47 

55 

25 

40 

48 

50 

57 

39 

51 

49 

50 


51 


26 
40 


20 


Average 

Potassium  Formate,  1  in  100. 

34       I  2       I         20       I 

Average 

Potassium  Formate,  1  in  50. 

...       I  3       1         ...       I 


100 

37 

113 

20 

100 

45 

114 

78 

107 

45 

130 
100 


115 


100 


34 


15 


Potassium  Formate,  1  in  10. 
52     I        25       I         29       I         13       I         19 

Caleiiim  Formate,  1  in  1000. 


53 

130 

10 

54 

10 

6 

8 

55 

156 

158 

65 

68 

56 

56 

4 

58 

57 

51 

93 

41 

52 

58 

50 

58 

37 

46 

115 


Averaee 


100 

8 

100 

60 

101 

41 

100 

7 

183 

81 

116 

74 

116 

45 
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Calcium  Formate,  1  in  500. 


Experi- 

Original 
Rate. 

Maximum 

Dilatation 

Rate. 

Maximum 

Constriction 

Rate. 

Return 
Rate. 

Percentage  Rate. 

ment. 

Dilatation. 

Constriction. 

59 
60 
61 
62 

50 
19 

27 

7 

60 
30 

36 
10 

23 

12 

24 

5 

49 

15 
27 

7 

120 
160 

133 

142 

46 

78 
88 
71 

Average 

139 

71 

Calcium  Formate,  1  in  250. 
15 


63 

15 

20 

64 

8 

8 

3 

65 

15 

19 

11 

133 

100 

100 

37 

126 

57 

120 

64 

66 


Calcium  Formate,  1  in  10. 
10       I  5       1 


142 


71 


These  tables  show  (1)  that  the  sodium  salt  caused  the  greatest 
individual  amount  of  dilatation,  that  the  average  amount  of 
dilatation  is  greater  than  in  the  case  of  the  other  salts,  and  that 
sodium  formate  has  the  least  constrictor  effect. 

(2)  The  potassium  salt  caused  the  greatest  individual  amount 
of  constriction,  tlie  greatest  average  amount  of  constriction,  and 
the  least  individual  and  least  average  amount  of  dilatation. 

(3)  The  calcium  salt  had  effects  on  the  vessels  intermediate 
between  those  of  .sodium  and  potassium. 

(4)  As  regards  strength  of  solution  it  is  seen  that  in  the  case 
of  soda  and  calcium  the  amount  of  dilatation  increases  in  propor- 
tion to  increasing  strength  of  solution,  and  tliat  the  amount  of 
constriction  diminislies  with  increasing  concentration. 

In  the  case  of  potassium  the  amount  of  dilatation  remains 
constant  for  all  the  concentrations  used,  wliile  constriction 
increases  with  increased  strength  of  solution. 


I'..   Oht^ermlUma   on    tin:   Heart. — (A)   Pei-fiisii>n    Feperimentx. — 
Frogs'  hearts  were  used.      The  perfusions  were  carried  out  by 
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means  of  Schafer's  heart  plethysuiograpli.  In  some  of  the  cases 
instead  of  using  the  piston  recorder  of  Schafer's  instrument  we 
attached  the  very  dehcate  and  simple  volume  recorder  recently 
introduced  by  Dixon." 

Sodium  Formate. — Se\en  observations  were  made  with  1  in 
1000  solution. 

In  two  cases  results  were  negative. 

In  three  instances  the  heart  was  slowed  and  then  stopped  in 
diastole. 

In  two  the  heart  became  irregular  and  was  stopped  in  diastole. 
In  the  latter  five  cases  the  force  of  contraction  was  greatly 
diminished. 

Sodium  formate  1  in  100  either  perfused  through  the  heart 
or  merely  painted  on  it,  rapidly  decreased  the  force  of  contraction, 
and  in  four  out  of  five  cases  stoppetl  the  heart  in  diastole. 

Sodium  formate  1  in  10  caused  great  irregularity,  with  fre- 
quently an  increased  rate  and  speedy  stoppage  in  diastole. 

Potassium'  formate  1  in  1000,  1  in  500,  and  1  in  100  caused 
irregularity,  diminished  force,  and  stopped  the  heart  in  systole. 

Potassium  formate  1  in  10  immediately  stopped  the  heart. 

Calcium  formate  1  in  1000  augmented  the  force  of  the  heart, 
sometimes  caused  irregularity,  and  soon  stopped  it  in  systole. 

Solutions  of  1  in  500,  1  in  100,  and  1  in  10,  slowed  and 
stopped  the  heart  in  systole. 

Formic  acid  1  in  2000  di'minished  the  force  of  contraction,  and 
stopped  it  in  systole. 

Hearts  perfused  with  formic  acid  showed  a  remarkable 
increase  in  translucency,  in  some  cases  becoming  glassy-like 
and  almost  transparent. 

Some  points  of  interest  emerged  in  the  inter-relationship  of 
the  action  of  these  salts.  Thus  a  heart  stopped  in  diastole  by 
sodium  formate  could  sometimes  be  made  to  beat  again  by 
perfusing  calcium  formate,  but  only  for  so  long  as  tlie  calcium 
formate  was  perfused. 

A  heart  brought  to  a  standstill  by  dilute  calcium  formate 
could  be  made  to  beat  again  for  a  brief  period  by  perfusing  strong 
sodium  formate  through  it. 

(B)  Heart  Movements. — These  observations  were  also  made  on 
frogs'  hearts.  After  the  frog  was  pithed  a  hook  was  passetl  through 
the  tip  of  the  ventricle  and  attached  by  a  pin  to  an  aluniiniinn 
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lever  writing  against  a  smoked  drum.  The  salts  were  applied  to 
the  heart  by  dropping  the  solutions  from  a  glass  pipette.  Fifteen 
such  expeiiments  were  carried  out,  the  results  were  confirmatory 
of  the  foregoing.  Thus,  solutions  of  potassium  and  sodium 
formate  caused  arhythmia,  followed  in  succession  by  diminished 
rate,  diminished  force  with  increased  rate,  diminished  force  with 
lessened  rate,  and  speedy  stoppage  with  strong  solutions.     The 


Flu.  2.— Frog',s  lieart  ti-iU'u.  1.  SIkiws  I'rteot 
of  painting  pota.s.siuni  formate  (1  in  100)  on 
the  lieart  2.  Shows  effect  of  sodium  formate 
on  a  heart  nearly  stopjied  hy  potas.sium  formate. 
3.  Shows  effect  of  jiainting  calcium  formate  on 
the  Siime  heart. 

potassium  salt  acted  more  powerfully  tlian  tlie  .sodium.  Calcium 
formate  1  in  100  produced  sliglit  slowing  of  the  heart  only. 
Solutions  1  in  10  not  only  slow(>d  tlu"  heart  Imt  lessened  its 
force  of  contraction. 

The  application  of  calcium  funnati'  in  several  instances  caused 
a  return  of  contraction  in  hcaits  stoppetl  by  tlie  application  of 
the  potassium  or  sodium  salts.  The  two  series  of  observations 
indicate  tliat  all  three  salts  are  to.\ic  to  the  heart.  In  the  ca.so 
of  potassium  formate  the  toxic  action  is  practically  exclusive.     In 
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the  case  of  sodium  formcate  a  certain  sliniulatiug  eflect,  probably 
in  virtue  of  irritation  can  also  be  noted.  The  effect  of  calcium 
formate  is  mainly  that  of  calcium,  the  toxic  eflects  being 
secondary. 


4.  Observations  on  Muscle  Curves  and  Fatigue. — The  gastroc- 
nemius of  the  frog  was  used.  The  muscle  of  one  limb  was  made 
to  record  the  simple  contraction  induced  by  an  induction  shock  of 
optimum  strength,  and  was  then  either  injected  or  painted  with  a 
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Fig.  3. — Left  figure  shows  gaslrocnemius  contraction 
before  and  after  injection  of  sodium  forniiUe  (1  in  100) 
3  ni.  into  the  muscle.  Right  figure  shows  the  con- 
traction of  the  opposite  gastrocnemius  liefore  and  after 
injection  of  3  m.  of  Ringer's  solution.  The  second 
curve  is  the  smaUer   in  Ciich  case. 

formate.  The  corresponding  muscle  of  the  nlhrr  liud)  was  treated 
similarly  with  llinger's  solution.  The  same  apparatus  was  used  for 
the  two  limbs,  the  order  of  making  the  contrasted  observations 
being  alteniated  in  successive  experiments.  In  every  case  the 
muscle  was  loaded  with  30  grammes. 

It  may  be  mentioned  here  that  in  no  case  did  the  Kinger's 
solution  materially  alter  the  height  of  the  curve  or  the  length 
of  the  latent  period.  Only  the  fatigue  eflects  tiierefore  need 
be  stated. 

Sodium    formate    1    in     1000.     Muscle    injected    with    ,">    ni. 
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Curves  Ijefore  and  after  were  the  same  height.  Completely 
fatigued  after  600  shocks.  Ringer  preparation  fatigued  but 
still  active. 

1  in  100.  Muscle  injected  with  5  ni.  Curve  lowered  1  mm. 
Completely  fatigued  after  450  shocks.  Ringer  preparation 
showed  only  lengthening  of  latent  period. 

1  in  10,  5  m.  Curve  lowered  6  mm.  Latent  period  greatly 
increased.     Fatigued  after  200  shocks. 

Saturated,  5  m.  Curve  lowered  8  mm.  Latent  period 
increased.  Fatigued  after  150  shocks.  Ringer  muscle  not 
affected. 

Potassium  Formate. — 

1/50.     Curve  lowered  2'5  mm. — fatigued  after  400  shocks. 
Ringer  pi-eparation — fatigued  after  800  shocks. 

1/25.     Curve  lowered  3-5  mm. — fatigued  after  250  shocks. 
Ringer  muscle — fatigued  after  600  shocks. 

1/10.     Curve  lowered  5-5  mm. — fatigued  after  100  shocks. 
Ringer  muscle — fatigued  after  600  shocks. 

Satui-ated. — No  response  after  injection. 

Calcium  Formate. — The  height  of  the  curves  was  somewhat 
diminished,  but  a  great  prolongation  of  contraction  period  became 
evident,  due  to  calcium  effect. 

Formic  Acid. — 1/100  painted  on  the  muscle  lowered  heiglit  of 
curve  by  1  mm.     Fatigue  occurred  after  200  shocks. 

Ringer  muscle — fatigued  after  600  shocks. 

These  experiments  indicate  that  the  effects  on  skeletal  muscle 
are  similar  to  those  on  cardiac  muscle — namely,  that  all  three  are 
toxic  in  the  order,  potassium,  sodium,  calcium,  but  that  in  the 
case  of  the  latter  the  toxic  eft'ect  is  subsiiUary  to  the  action  of 
the  metallic  radicla 

III.  OnsEiiVATioNs  (JN  THE  Human  Suh.iect. 

Although  we  now  felt  convinced  that  the  administration  of 
formates  might  be  harmful,  wc  made  some  observations  upon 
ourselves,  upon  a  lady  student  and  a  laboratory  boy.  Conditions 
as  regards  work  and  exercise  were  practically  constant  during  tlic 
experiments.  Three  of  the  subjects  were  habitual  abstainers  from 
alcohol  and  tobacco:  the  fourth  acciuired  these  virtues  for  a  month 
previous  to  the  experiments,  and  (hniug  their  course.    Only  sodium 
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furniate  was  used.  Tlie  dosage  was  one  grainiiiu  giv(!ii  thrice  the 
first  day,  two  grainmes  thrice  on  the  two  succeeding  days,  and  once 
on  the  morning  of  the  fourth  day — a  total  of  17  grammes. 

1.  Subjective  Sensations. — These  were  absent,  except  in  the  case 
of  the  student,  who  either  misunderstood,  or  disregarded  instruc- 
tions and  took  the  salt  in  an  unduly  concentrated  form,  and,  in 
consequence,  experienced  an  increased  sense  of  thirst.  No  increase 
of  appetite  was  noticed. 

2.  Observations  on  Blood  Pressure. — These  were  made  for  a  few 


Flu.  4. — Fatigue  curves.  In  the  ujijier  trace  the  muscle 
was  hathed  in  Ringer's  sohition  ;  in  the  lower,  in  Ringer's 
solution  containing  (1  in  1000)  sodium  formate.  Each 
1.50th  curve  was  recorded.  Note  the  more  increased  latent 
jjeriod  and  relaxation  period  in  the  formate  preparation. 

days  before,  during,  and  after  the  course  of  sodium  formate,  by 
means  of  the  Riva-Rocci  instrument,  tlie  reading  being  taken 
when  the  pulse  became  imperceptible  at  the  wrist.  The  varia- 
tions gave  no  indication  of  action  on  the  part  of  the  salt: — 


Day  before  formate 
taken. 

Kourtli  dny. 

F.  W 

J.  G.  S 

I.  M 

A.  G 

o  o  o  o 

lU 

90 

98 

114 
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3.  ErgograpMc  Records. — Mosso's  instrument  was  used.  A 
weight  of  4'5  kilos,  was  raised  over  a  pulley  by  flexion  of  the 
terminal  phalanx  of  the  right  middle  finger  every  two  seconds 
until  complete  fatigue  occurred. 

The  time  was  marked  by  a  metronome  beatuig  seconds.  Three 
of  the  subjects  of  experiment  naturally  sustained  the  weight  until 
the  intermediate  second  struck,  the  fourth  relaxed  the  muscle 
immediately  after  the  pull.  We  thought  it  well  not  to  attempt 
to  alter  this  arrangement,  and  have  made  no  attempt  to  place  the 
records  on  an  equal  Ijasis,  as  each  only  applies  to  the  individual 
in  question.  It  is  particularly  difficult  to  get  .satisfactory  ergo- 
graphic  records  for  purposes  of  comparison.  Training  undoubtedly, 
and  suggestion  in  all  probability,  play  an  important  part.  In  order 
to  eliminate  the  effect  of  training  two  of  the  subjects  practised 
with  the  ergograph  daily  until  no  further  improvement  occurred. 
The  effects  were  remarkable.  Unfortunately  the  early  i-ecords 
in  one  case  were  not  kept,  but  in  the  other  there  was  an  increase 
to  eight  times  the  original  capacity  for  work  in  three  weeks. 

In  the  other  two  cases  a  single  record  was  taken  immediately 
before  the  formate  course  was  begun,  and  a  second  record  was  taken 
four  days  later,  when  stiffness  and  pain  on  flexing  the  arm  had 
disappeared.  This  method  is  probably  not  satisfactory,  and  it  is 
interesting  to  note  that  after  the  formate  course  the  untrained 
individuals  showed  improvement,  the  trained  individuals  sliowed 
diminution  of  work  capacity. 

Results ; — 


Before. 

After 

.\tler 

After 

Alter 

2nd  daj'. 

4th  day. 

6lh  day. 

6tli  day. 

F.  W.  (trained) 

2-28 

2-0 

1-78 

1-19 

1-79 

kilogrammetres 

I.  M.  (trained) . 

12-68 

10-19 

1, 

A.  G. 

4-02 

4-41 

,, 

J.    G.    S.    (con- 

tractions    not 

sustained) 

10-23 

21-92 

» 

Dynamometer  Records. — The  observations  were  made  with  tlie 
riglit  arm  held  at  right  angles  to  the  body. 
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Before  Formate. 

After. 

F.  W 

J.  G.  S. 

I.  M 

A.  G 

30 
34 
30 
57 

29  kilograms. 

33 

30 

55 

These  results  all  tend  to  show  that  in  healthy  human  subjects 
sodium  formate,  in  the  doses  given,  lias  no  appreciable  elfect. 


Summary. 

Formic  acid,  formate  of  potassium,  sodium  and  calcium  in 
minimal  active  doses  exert  a  toxic  action  on  the  circulatory  and 
muscular  systems.  This  action  is  enormously  added  to  by  the 
effect  of  the  metallic  ion  in  the  case  of  the  potash  salt,  and  may 
be  obscured  by  the  metallic  ion  in  the  case  of  the  calcium  salt. 

With  the  exception  of  calcium  formate  in  strong  solution,  they 
all  lower  blood  pressure.  They  all  have  a  transient  vaso-dilator, 
followed  by  a  vaso-constrictor,  action. 

They  arc  all  toxic  to  the  lieart  and  to  skeletal  muscle  in 
the  order  potassium,  sodium,  ealeium,  and  accelerate  ratlior  than 
retard  fatigue. 

In  the  dosage  stated  sodium  formate  has  no  demonstrable  eft'eet 
on  the  circulatory  or  muscular  systems,  or  other  notic.enblc  eflect 
on  the  healthy  human  subject. 

Have  tlie  formates  a  place  in  therapeutics  ? 

In  so  far  as  our  experiments  afford  an  answer  to  this  question 
(assuming  that  the  formates  are  absorbed)  we  should  say  (1)  that 
the  medicinal  use  of  potassium  formate  would  be  uujustiliable ; 
(2)  that  the  effect  of  sodium  formate  might  seriously  impair  the 
strength  of  a  patient  already  debilitated ;  (.S)  that  in  calcium 
formate  we  have  a  lime  salt,  freely  soluble,  and  not  too  unpalat- 
able, which  has  an  action  in  coagulating  the  Mond  butli  in  \irtue 
of  its  metallic  and  basic  ion. 

We  venture  to  suggest  that  in  cases  of  reuiole  or  intractable 
haunorrhage  it  is  worthy  of  a  trial. 
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A   CLINICAL   METHOD    FOR   ESTIMATING  THE 
COAGULATION    TIME    OF    THE    BLOOD. 

By  J.  P.  McGOWAN,  M.A.,  M.B.,  B.Sc, 

ERNEST  HAKT  RESEARCH  SCHOLAR. 

(From  the  Laboratory  of  the  Royal  College  of  Physicians,  Edinburgh.) 

In  applying  the  method  to  be  described  the  following 
apparatus  are  required  : 

Capillary  glass  tabes  of  certain  dimensions. 

A  pricker. 

A  tile  or  glass  knife. 

A  flame  for  fusing  the  capillary  tube, 

A  thermometer. 

In  case  of  aocnrate  scientific  determication,  a  chamber 
regnlated  to  the  temperature  reqalred  for  the  observation 

The  bore  ol  the  capillary  tubes  is  1.5  mm.,  is  uniform 
throughout,  and  the  length  of  the  tubes  is  about  6  in. 
The  tubes  are  blown  by  a  skilled  glass-blower  to  as  near 
the  above  dimensions  as  possible,  and  cost  Zs.  per  100. 
The  other  requisites  require  no  explanation. 

To  Test  the  Coagulation-rate. 

The  hands  are  thoroughly  washed  with  soap  and  water, 
and  then  held  below  the  tap  to  wash  off  the  last  traces  of 
soap.  They  are  then  dried  on  a  clean  towel.  The  minute 
from  which  the  coagulation  time  is  to  date  is  then  noted 
down,  as  well  as  the  temperature  of  the  room.  With  the 
watch  marking  seconds  close  at  hand,  the  observer  waits 
tin  the  seconds  hand  is  about  ten  seconds  from  the 
minute  noted  down.  A  rag  Is  then  bound  tightly  round 
the  finger,  and  when  the  seconds  hand  reaches  the  exact 
minute,  the  finger  is  given  a  good  sharp  stab  with  the 
pricker.  The  capillary  tube  is  then  seized  and  applied  to 
the  drop,  inclining  it  or  keeping  it  horizontal  according  to 
the  flow  ol  blood,  thus  maintaining  a  continuous  column 
in  the  capillary  tube.  About  4  In.  ol  the  tube  can  easily 
be  filled  in  10  seconds  Irom  the  moment  of  pricking. 
The  column  of  blood  is  then  allowed  to  run  down  the  tube 
to  such  a  distance  that  it  will  not  be  Injured  by  applying 
heat  to  the  end  into  which  the  blood  was  received.    This 

[598/07] 
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injection    and    never    once    got    opalescence,  shows   that   iutmveuous 
injection  is  not  a  special  cause.     With  regard  to  tlie  e.xplauation  tli.u 


end  is  then  fused  (alternatively  it  may  be  closed  with 
sealing  wax  or  paraffin).  The  fusion  keeps  the  column  of 
blood  steady,  and  care  must  be  taken  not  to  seize  tbe  tube 
between  the  sealed  end  and  the  end  of  the  column  of 
blood  nearest  it,  otherwise  the  expansion  of  the  air  causes 
a  movement  of  the  column.  The  tube  is  then  laid  down 
with  the  thermometer  beside  it,  and  at  the  end  of  each 
minute  a  file  mark  Is  made  on  the  capillary  tube  i  in.  or 
less  from  that  end  of  the  column  of  blood  remote  from  the 
sealed  end  of  the  tube.  This  piece  of  the  tube  Is  then 
broken  oiT,  care  being  taken  in  breaking  It  to  keep  the 
two  ends  of  the  glass  approximated.  The  two  ends  of  the 
glass  are  then  drawn  apart,  and  the  first  stage  of  coagula- 
tion visible  to  the  naked  eye  is  shown  by  a  minute  thread 
of  fibrin  stretching  between  the  two  broken  ends.  When 
this  la  reached  the  other  parts  of  the  tube  are  similarly 
broken  to  confirm  the  first  observation.  A  further  con- 
firmation can  be  got  by  holding  up  the  capillary  tube  to 
the  light  and  noticing  that  when  coagulation  hag  reached 
the  stage  of  the  formation  of  the  thread,  the  column  of 
blood  In  the  tube,  instead  of  having  the  regular  contour  It 
had  before,  has  a  ragged,  irregular,  whitish  outline. 

Points  to  be  noted  are  that  the  hands  must  be  clean 
and  free  from  soap.  The  pricker  must  be  cleaned  after 
each  prick  with  clean  water  ;  the  finger  must  be  similarly 
treated,  and  blood  must  not  be  drawn  twice  from  the 
same  prick.  These  latter  precautions  are  necessary  to 
avoid  sucking  up  formed  fibrin  ferment  into  the  tube 
with  the  blood  and  thus  increasing  the  coagulation-rate. 
The  only  other  point  is  with  regard  to  the  breaking  of  the 
tube.  The  tube  must  be  broken  and  yet  the  ends  kept 
together,  otherwise  the  fibrin  thread  may  be  broken.  One 
can  suspect  that  this  has  happened  by  the  blood  column 
bulging  out  at  the  broken  ends,  as  contrasted  with  tbe 
almost  concave  appearance  one  gets  when  the  blood  Is 
fluid.  If  the  thread  has  been  broken,  another  piece 
should  immediately  be  broken  from  the  tube,  a  pro- 
ceeding also  undertaken,  as  noted  above,  for  corroboration 
when  the  fibrin  thread  has  been  got. 

I  have  done  a  good  number  of  series  of  consecutive 
coagulation  tests  on  myself.  These  were  done  In  the 
evening.  The  time  for  the  first  appearance  of  the  fibrin 
thread  in  all  of  them  ranged  from  7  to  9  minutes,  the 
bulk  of  the  readings  being  at  8  minutes.  Of  these  series 
I  shall  give  one,  consisting  of  8  consecutive  readings  done 
In  my  rooms  from  8.3  p.m.  to  9.18  p.m.  (li  hours) : 

My  finger  and  the  pricker  were  washed  In  a  tarabler  of  water 
and  dried  on  a  clean  rag,  and  the  capillary  tube  was  fused  In 
an  ordinary  fishtail  burner.  The  temperature  of  the  room 
ranged  from  16.5°  C.  at  the  beginning  to  17.5°  C.  at  the  end 
of  the  observation!.  Coagulation  times  In  this  series: 
First  =  7  minutes  ;  second  =  8  minutes  ;  third  =  7  minutes  ; 
fourth  =  9  minutes ;  fifth  =  8  minutes  ;  sixth  =  8  minutes  ; 
seventh  =  8  minutes  ;  eighth  =  8  minutes.  Four  other 
normal  Individuals  gave  at  the  same  time  the  following 
readings:  No.  1  =  6  minutes;  2  and  3=7  minutes;  4  =  8 
minutes  (twioe). 


I  next  give  rcadinga  taken  In  the  morning  (9  a.m.  to 
11  a.m.)  of  5  normal  individuals  with  myself  as  control. 
The  temperature  of  the  room  was  15°  C. : 

A  =  10  minutes;  B  =  9  minutes;  C  =  ll  minutes;  D  =  ll 
minutes  ;  E  =  11  minutes  ;  myself  =  li  minutes. 

It  will  be  seen  that  the  coagulation- rate  is  much  slower 
In  the  morning  than  in  the  evening,  and  Barker,  con- 
firmed by  Buckmaster,  states  that  according  to  the  time 
of  day,  amount  of  exercise,  or  kind  of  food,  the  coagulation- 
rate  may  be  as  low  as  5  minutes  or  as  high  as  14.5. 

The  object  of  this  note  has  been  to  demonstrate  the 
possibilities  of  this  method  for  clinical  purposes.  For 
clinical  purposes,  the  providing  of  an  apparatus  for  keep- 
ing the  blood  at  a  uniform  temperature  seems  to  be 
superfluous,  as  from  all  my  readings  done  at  room 
temperature,  which  varied  from  16°  0.  to  20°  C,  there 
was  no  change  in  the  coagulation  rate  corresponding  to 
elevation  or  loarering  of  temperature  within  these  limits. 
This  might  be  expected,  considering  that  the  blood  is 
dratvn  at  37°  C,  that  glass  is  a  non-conductor  of  heat,  and 
that  the  coagulation  time  is  so  short.  It  might  be  a  factor 
to  be  considered  in  the  case  of  bloods  of  long  clotting 
time.  In  such  cases  a  control  with  the  observer's  blood 
could  be  done  and  the  result  expressed  as  an  index. 
This  control  would  also  correct  any  error  from  dlfierencea 
in  roughness  of  the  Inner  surface  of  the  glass  tubes  in 
different  samples  of  glass. 

This  method  can  also  be  used  for  the  determination  ol 
the  time  of  complete  coagulation  by  breaking  pieces  off 
UDtil.  on  pulling  the  two  ends  apart,  the  whole  column  of 
blood  is  pulled  out  from  the  broken-off  piece.  The 
separation  of  the  serum  from  the  clot  can  also  be 
observed  in  these  tubes  and  the  differences  in  time  of 
separation  noted. 
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Uhlenhuth  (1902  i),  Xuttall  (1904-),  and  others  observed  that  the 
serum  of  rabbits  used  for  prepariug  a  precipitating  serum  in  many  cases 
was  either  opalescent  or  definitely  milky ;  and  one  of  the  canons  laid 
down  by  them  for  the  preparation  of  a  serum  for  use  in  medico-legal 
cases  is  that  it  shall  not  show  any  degree  of  opalescence.  To  keep 
up  to  this  standard  involves  some  slight  difficulty  and  disappointment ; 
for  occasionally  a  rabbit  may  be  brought  up  to  a  very  high  degree 
'  of  precipitating  power  with  its  serum  clear  at  the  time  the  sample 
is  taken  for  estimating  its  titre,  and  in  the  interval  between  the 
estimation  and  the  killing  of  the  rabbit  to  preserve  its  serum  for 
future  use  (a  few  days)  the  serum  for  some  unknown  cause  may 
become  opalescen  tor  milky.  Some  workers  think  that  it  is  due  to 
the  animal  being  killed  at  some  stage  of  digestion,  and  empirically 
suggest  that  the  animal  be  starved  for  a  certain  time, — usually  for 
twenty-four  hours  before  killing.  The  theory  apparently  at  the  back 
of  this  procedure  is  that  the  opalescence  and  tui'bidity  is  of  the  Siime 
nature  as  a  lipjemic  condition  that  may  obtain  in  human  beings, 
dogs,  etc.,  after  a  meal.  Another  view  as  to  the  causation  of  the 
opalescence  is  that  it  is  directly  due  to  the  rabbit  being  injected  witli 
the  antigen — more  especially  if  the  antigen  is  injected  intravenously. 
As  regards  the  condition  being  due  to  tlie  injection  of  the  antigen, 
the  fact  that  it  occurs  in  rabbits  which  have  never  been  injected  and 
that  it  occurs  extremely  rarely  in  animals  that  have  been  injecteil 
(personally  I  have  never  seen  it  in  preparing  a  series  of  alwut  forty 
antisera  in  rabbits),  show  that  this  is  not  the  ciise :  and  further,  the 
fact  that  in  preparing  these  forty  antisera  I  always  used  inli-iivenous 
injection  and  never  once  got  opalescence,  shows  that  intmvenous 
injection  is  not  a  special  cause.     With  regard  to  the  explanation  that 
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the  phenomenon  is  due  to  feeding,  Nuttall  mentions  that,  although 
he  bled  his  rabbits  at  all  times  without  regard  to  feeding-time,  he 
very  rarely  observed  an  opalescent  serum.  In  this  connection  I 
might  also  mention  that  although  I  have  had  experience  of  thousands 
of  bleedings  of  rabbits  at  all  times  of  the  day  and  at  all  times  relative 
to  the  taking  of  food — the  most  of  the  rabbits  being  bled  an  hour  or 
two  after  their  morning  feed — I  have  similarly  had  very  few  cases 
indeed  of  opalescent  serum.  So  much  has  this  been  the  case,  that 
within  the  last  eight  months,  although  I  have  done  hundreds  of 
rabbits,  and  although  I  particularly  desired  to  observe  a  rabbit  with 
a  good  turbid  serum,  I  have  been  unable  to  obtain  one.  Such  has  also 
been  the  experience  of  Dr.  W.  M.  Scott  in  this  laboratory,  whose  work 
involves  taking  samples  of  blood  very  extensively  from  rabbits.  The 
phenomenon  then  must  be  due  to  something  else  in  the  metabolism 
of  the  rabbit  than  those  changes  concerned  with  the  intake  of  food 
from  the  intestine,  and  which  consequently  could  not  be  averted  by 
starving  the  animal.  As  a  matter  of  fact,  starving  the  animal  does 
not  remove  the  turbidity  when  one  gets  a  case  of  this  kind.  Moreover, 
the  diet  of  rabbits — in  contradistinction  to  that  of  man,  dogs,  etc., 
(which  contains  a  large  amount  of  fatty  material) — consists  mainly  of 
carbohydrates,  and  contains  very  little  fat.  These  facts  should  at  the 
outset  prevent  a  too  hasty  argument  from  analogy  as  to  the  cause  of 
the  condition  in  rabbits.  Even  if  the  substance  causing  the  opalescence 
and  milkiness  is  fat,  which  I  believe  to  be  the  case — (although,  owing 
to  my  not  having  obtained  a  good  case  ^  since  I  became  interested 
in  this  subject,  I  have  been  unable  to  prove  this  definitely),  there 
is  no  necessity  to  suppose  that  the  fat  must  come  from  the  in- 
testine. For  at  the  beginning  of  this  year,  while  working  at  the 
eH'ects  of  extensive  bleedings  on  the  complement  content  of  rabbits' 
serum,  I  observed  that  even  two  days  after  one  large  bleeding  (40  c.c), 
the  serum,  which  at  this  first  bleeding  was  quite  clear  and  free  from 
opalescence,  became  opalescent ;  and  with  further  bleedings  became 
more  and  more  so,  until  with  extensive  bleedings  lasting  daily  over  a 
week  or  so  it  became  frankly  milky.  By  the  Adams  modification  of 
the  Soxldet  extraction  method  I  found  that  this  milkiness  coincided 
with  a  marked  increase  in  the  amount  of  fat  in  the  serum — amount- 
ing to  1  per  cent.,  while  in  the  normal  rabbit  it  is  only  about  0'2 
to  0-4  per  cent.  Boggs  and  Morris  (1900^)  have  observed  the 
same  occmrence,  and  to  a  much  greater  degree  than  I  did,  because 
they  practised  more  extensive  bleedings, — the  amount  of  fat  in  the 
serum  in  some  cases  rising  to  about  4'5  per  cent.  They  raise  the 
([uestion  as  to  whether   or  not   lipiinuia   has  been  observed  often  in 

'  I.e.  ono  ill  wliioli  tlie  serum  wius  milky  aiid  in  wliicli  the  amount  of  fiit  would  lie  much 
in  excess  of  any  enor  introduced  in  its  estimation.  The  amount  of  fat  jircsent  normally 
in  rahliits'  serum  varies  from  aliout  0-2  to  O'l  per  cent.,  and  in  the  cxperinienlal  lipa-mias 
I  found  that  mere  opalescence  hardly  altered  that  figure. 


TURBIDITY  OF  THE  SERUM  IN  RABBITS.  397 

rapid  amemias  iu  the  human  subject,  and  quote  a  case  where  they 
observed  a  moderate  lipitmia  in  a  case  of  secondary  an;emia  from 
haemorrhoids.  Dr.  James  Eitchie,  Superintendent  of  this  Laboratory, 
tells  me  of  a  case  investigated  by  him  some  years  ago,  iu  which  a 
terminal  lipsemia  occurred  in  a  lad  set.  17,  who  died  of  an  aplastic 
anaemia.  Here,  from  about  20  c.c.  of  blood  expressed  from  the  inferior 
vena  cava  at  the  post-mortem,  nearly  1  grm.  of  fat  was  recovered. 

I  was  interested  in  this  method  of  producing  lip;emia  in  rabbits, 
because,  as  far  as  I  know,  it  iufalHbly  produces  in  rabbits  a  condition 
of  serum  similar  to  that  which  interferes  so  much  with  precipitin 
work.  Unfortunately,  as  I  have  mentioned  above,  I  could  not 
determine  whether  the  opalescence  occurring  normally  is  due  to 
the  same  lipiemic  condition,  owing  to  my  being  unable  to  get  a  case 
sufficiently  marked  for  accurate  estimation. 

As  regards  the  experimental  liptemia  in  rabbits,  one  might 
hazard  the  view  that  it  is  due  to  the  fat  stores  in  the  body  being 
rapidly  drawn  on  to  make  up  for  the  drain  of  food  material  through 
the  excessive  bleeding.  In  this  connection  Boggs  and  ilorris  note 
that  after  the  rabbit  became  extremely  emaciated  the  milkiness  of 
the  serum  gradually  diminished.  This  might  be  due  to  all  the  fat 
stores  of  the  body  being  used  up.  In  the  early  stages  of  the 
experiment  there  would  be  the  further  factor  of  the  fat  in  the  bone 
marrow  being  rapidly  removed  to  make  room  for  the  proliferation  of 
the  red  marrow  which  takes  place  to  cope  with  the  acute  amemia 
that  is  produced.  A  rapid  ansemia,  which  might  conceivably  involve 
a  similar  proliferation  of  the  red  marrow,  occurs  also  with  the 
pyridin  poisoning  used  by  Boggs  and  Morris.  But  with  pyridin 
poisoning  there  is  the  additional  factor  of  the  actual  poisonous  nature 
of  the  substance  which,  by  acting  obscurely  on  the  general  metabolism 
of  the  rabbit,  might  prevent  liptemia,  as  Boggs  and  Morris  found.  If 
the  opalescence  occurring  normally  and  sporadically  in  rabbits  is  due 
to  fat,  it  might  be  explained  by  a  similar  mechanism  to  tlie  above,  of 
obscure  origin  and  transient  in  nature,  drawing  suddenly  on  the  fat 
stores  of  the  body  or  on  the  blood  forming  capacity. 

Whatever  the  cause  is  the  condition  is  usually  only  temporary, 
for  the  opalescence  disappears  after  a  time.  I  have  noticed,  however, 
that  it  occurred  more  frequently  and  lasted  longer  iu  rabbits  in 
poor  condition,  emaciated  and  generally  very  badly  infected  with  tape- 
worm cysts  intraperitoneally.      Graham  Smith  (1904^)  also  found  this. 

Guinea-pigs  very  commonly  have  this  turbid  serum,  and  some 
human  beings  have  it  at  all  times  irrespective  of  relation  to  meals. 
It  is  not  caused  by  lactation  in  rabbits,  for  lactating  does  may  In? 
without  it,  and  bucks  have  it  as  well  as  does. 

For  the  above  observations  a  grant  was  made  from  tlie  Carnegie 
Trustees,  to  whom  1  have  to  express  my  cordial  thanks. 
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